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| Notice to all Active Members 


| of Member Associations 


Your prompt payment of 1956 dues 
will avoid int rruption im receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
Undue delay may make it impossible for 
a complete ve ne of the JOURNAL to 


be furnished. 


R 


Please r direc tly to your Mem-~ 
ber Association Secretary immediately 
upon receipt o! the first dues notice 


from him. 




















SEWAGE AND INDUSTRIAL WASTES 


more efficient 
in operation, 


LIFTS UP FOR DIFFUSER 
MAINTENANCE 


Individual Swing Diffusers can be 
lifted out of tank without interrupting 
operation, eliminating stand-by aero- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleaned to new 
condition to achieve maximum diffu- 
sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants—both in- 
dustrial and municipal—the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 


efliciency. 


Now used in 
more than 


300 Plants! 


SWING DIFFUSERS 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 


Wide Band Diffusion provided by Chicago Swing Dif 
fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plat 
system. After changing to Swing Diffusers, aeration ca- 
pacity was doubled without increasing the amount oj 
air used or the volume of the aeration tanks, In both 
old and new plants. Swing Diffusers assure maximum 
oxygenation 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 
control. 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 
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SEWAGE AND 


ts BUILDERS 


CHRONOFLO 
TRANSMITTER 


SIGHTFLO 
INDICATORS 


a 


FLUSHING 
WATER SUPPLY 


INDUSTRIAL WASTES 


CHRONOFLO 
RECEIVER 


Builders Model VTS4 Short Venturi Tube with continuous 
flushing system for metering solids-bearing liquids 


BUILDERS 
CHRONOFLO SYSTEM 


for electrical transmission of flow 
information over any distance. 


Bulletin 230-K24 


BUILDERS VTS4 
SHORT VENTURI TUBE 


accurate, low loss of head, eco- 
nomical. Bulletin 110-K11. 


BUILDERS CONTINUOUS 
FLUSHING SYSTEM 


eliminates manual cleaning, 
improves metering efficiency. Bul- 


letin 110-G1. 


Builders offers a unique service to 
sewage and industrial waste treatment 
plants — the complete line of equipment 
for metering liquid flows . . . from the 
Venturi Tube in the pipe line to the 
Chronoflo metering instrument in the 
control panel. Find out about Builders 
metering “packages”. For Bulletins, write 
368 Harris 


Builders-Providence, Inc., 


Avenue, Providence 1, Rhode Island. 


Hiha 


BUILDERS-PROVIDENCE 


DIVISION OF 


B-I-F 


SUILOERS (80M FOUNGEY © PROF ORT: 


InNDUCTRIES, tHE. 


onaaes * OMEGA MACHINE CO 





FSIWA MEMBER 


Alabama Water and Sewage Asen.* 
Pror. W. L. Samuner, Secretary 
Alabama Polytechnic Institute 
Auburo, Alabama 


Arizona Sewage and Water Works Assn.* 
Quentin M. Mees, Sec-Treas 
721 N. Olsen 
Tucson, Ariz, 


Arkansas Water and Sew 
De. Hawnisow Hare, Sec.- 
c/o Southern State College 
Magnolia, Ark 


Callfornia Sewage and Industrial Wastes Asan 
C, Matiery, Sec.-Treas 
4822 N. Dunsmore Ave 
La Crescenta, Calif 


© Conf.* 
reas 





Canadian Institute on Sewage and Sanitation 
De. A. E. Beeny, Sec.-Treas 

Administrative Office 

72 Greenville St 


Toronto, Ontario, Canada 


Central States Sewage and Industrial 
Assen. 

Gronoe F. Beanaven, Sec.-Treas 

713 Chapman St 

Madison, Wis 


Dakota Water and Bewage Works Conf 


Wastes 


North Dakota Section* 

Jezome H. Svoez, Sec.-Treas 
of Health 
ak 


c/o State Dept 
Bismarck, N. D 

South Dakota Section® 
Cuaries EB. Carr, Sec 
c/o Div. of Sanitar 
State Board of Healt 


Treas 
Engineering 


h, Pierre, 5. Dak 


Federal Sewage Research Asen. 
Keitn S. Keavuee, Sec reas 
Room 4212A South HEW Bidg 
Washington 25, D.C 


Fiorida Sewage and Industrial 
M. E. Dawuins, Sec.-Treas 
P. O. Box 210 
Jacksonville |! 


Wastes Asan 


Fla 

Georgia Water and Sewage Asan.* 
A. T. Srorey, Sec.-Treas 
1210 Hemphill Ave., N.W 
Atlanta, Ga 


(Germany) Abwassertechniache Vercinigung 
Orto Pattascn, Sec.-Treas 
Theaterstrasse 24 
Bonn, Germany 


institute of Sewage Purification 
M. Asnwotp Keesuaw, Sec. 
10, Cromwell Place 
South Kensington 
London, 8. W. 7, England 


inetitution of Sanitary Engineers 
Eenest V. Batsom, Secretary 
118 Victoria St 
Westminster, 5. W. 1 
lowa Sewage and Industrial Wastes 
L. F. Sxomczesxt, Sec.-Treas 
207 South 15th Ave 
Marshalltown, Iowa 


London, England 


Agen 


Kansas Sewage and Industrial Wastes Asean 
Rosest H. Hess, Sec.-Treas 
Supt. of Water and Sewage Treatment 
City Building 
Wichita 2, Kansas 


Kentucky-Tennessece 
Bewage Works Asan. 
S. Leanwy Jowes, Sec.-Treas 
420 Sixth Ave., N., Nashville 5, Tenn 


Loulsiana Conference on Water Supply 
Bewerage * 

Gronce H. West, Sec 

P. O. Bow 15 


Industrial Wastes and 


and 


Treas 
Water Dept., Lake Uharies, La 


* Sewage Works Section 


ASSOCIATIONS 


Maryland-Delaware Water and Sewerage Asan.* 
M. Brincrey, Sec.-Treas 
2411 N. Charles St., Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assen 
D. M. Prerce, Sec.-Treas 
Michigan Dept. of Health 
Room 334, Admin. Bidg., Lansing 4, Michigan 
Missour!l Water and Sewerage Conf.* 
Wareen Keamer, Sec.-Treas 
c/o State Office Bidg., Sixth Floor 
Jefferson City, Mo 
Montana Sewage and Industrial 
Harvey W. Tavion, Sec.-Treas 
Morrison & Maierle Inc 
Helena, Montana 


Wastes Assn 


Nebraska Sewage and Industrial Wastes Asen 
V. J. Lecwrennerc, Secretary-Treasurer 
614 Standard Oj] Bidg., Omaha, Neb 

New England Sewage and Industrial 

Asan. 
Henry fF 
75 Pine A 


Wastes 


Munroe, Sec.-Treas 
enue, Cranston 10, R. I 
New Jersey Sewage and 
Asen. 
Micwaet S. Kacnonsxy, Sec.-Treas 
P. O. Box 766, Manville, N. J 
New York Sewage and Industrial Wastes Asen. 
Rateu C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plans, N. Y 


North Carolina Sewage and Industrial 
Asean. 

W. E. Lono, Jn., Sec.-Treas 
Box 2091, Raleigh, N. C 
Ohio Sewage and Industrial 

ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
onf.* 
jJoun P. Smouse, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla 
Pacific Northwest Sewage and industrial 
Wastes Asen. 
Water W. Saxton, Sec.-Treas 
408 Old Capitol Bidg 
Olympia, Wash 
Pennsylvania Sewage and 
Asen 
B. S. Busu, Sec.-Treas 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa 


Puerto Rico Water and Sewage Works Asee 
Rosert J. Auto, Sec.-Treas 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky 
Asen 
joun R. I ER p ‘¢ 
376 City and ( 
South Carolina 
Asen.* 
T. A. Kous. Se 
1329 Ellison Rd 
(Sweden) Fireningen Fir Vattenhycien 
nik Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzeriand) Verband Schwelzeriacher Abwas 
serfachieute 
Epuarp Hotmoer, Treasurer 
Spitzackerstrasse 17, Liestal 


Industrial Wastes 


Waste 


Wastes Treat 


Industrial Wastes 


Mountain Sewage and Indastrial Wastes 


Trea 
ounty Bidg., Denve 
Water and 


Colorado 
Sewage Works 
Treas 

Columbia, 8. C 


Switzerland 
Texas Water and Sewage Works Asen.* 
V. M. Enters, Sec.-Treas 
2202 Indian Trail, Austin, Tex 
Virginia Industrial Wastes and Sewage Works 
Asan 
J. L. Hameorcn, Ja., Sec.-Treas 
415 W. Franklin St., Richmond 20, Va 
Weet Virginia Sewage and Industrial 
Asen. 
Gisxw O 
State Dept 


Wastes 


Fortney, Sec.-Treas 
of Health, Charleston, W. Va 





Simplex Type B 
Air Release Valve 


One 2” connection 
foma Zo] Ul any -a) Cole l-Marlelia 


Here’s the low-cost way to reduce 
the high costs of pumping sewage. 
The Simplex Type B Air Release 
Valve rids lines of entrained air and 
sewage gases .. . puts an end to bind- 
ing at high points. It quickly pays 
for itself by lowering the friction 


head, increasing pumping capacity. 
How you save! When air and 
gases collect in the upper valve shell, 
they depress the rugged ball float. . . 
automatically opening the needle 
valve so that all entrained air and gas 
escape immediately! 


CHECK THESE ADVANTAGES! 


Reliable! Bronze seat with silicon rubber-tipped valve stem designed to 


prevent sticking shut or leaking water. 


Rugged! Cast iron shell and non-corrodible float can take pressures 


up to 250 psig. 


Simple — few parts, just one lever movement 


Vacuum-holder prevents loss of prime. 


Easy back-flushing with no permanent connection to clear water supply 
Shipped complete with pipe leg to collect sediment and valve to blow it off. 
Easy to install—just one quick connection. 


WRITE FOR BULLETIN 1204 
Simplex Valve & Meter Company, Dept. $1-10 
7 East Orange Street, Lancaster, Pa. 


ACCURATE INSTRUMENTS AND CONTROLS SINCE 1904 


SIMPLEX 


METER 


COMPANY 








SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


{ saoctatwn 


West Virginia Bewage and Waldo Hotel, Oct. 19-20, 1955 
Industria Wastes Agssn Clarksburg, W 


Pacific Northwest Sewage and Empress Hotel 


Industrial Wastes Asan Victoria, B.C 


Nebraska Sewage and Yancey Hotel 


Industrial Wastes Assn Grand Island, 


Florida Bewage and Orange Court Hote! N 6-9, 1955 
Industrial Wastes Asan Orlando, Fila. 


North Carolina Sewage Robert E. Lee Hote 
and Industrial Wastes Asen Winston Salem, N. C 





TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
California Sewage and Industrial Wastes Association 
Statler Hotel, Los Angeles, California 


October 8-11, 1956 
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For the small activated sludge plant 
YEOMANS presents 


tHe CAVITATOR. system 


for Municipal Waste Treatment 
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SPRACE STOR Ccanmaton 


One of the many possible arrangements is illustrated. The secondary 
treatment is provided by the Cavitator mechanism, a specially designed 
rotor with two arms mounted on a hollow shaft through which air is drawn 
for dispersion through the tank contents. The arms are streamlined with 
the outer ends so constructed that when they are passed through the liquid 
at relatively high speeds they create a zone of cavitation through which 
the liquid is recirculated continuously. Air and liquid are drawn together 
creating a vapor pressure condition corresponding to cavitation with its tre- 
mendous forces. The oxygen is forced into the sewage and creates count- 
less small air bubbles which permeate the entire liquid body. 


high oxygen transfer efliciency—requires only 135 
cu. ft. of air per lb. B.O.D. removal per day in the Cavi- 
tator System. 

exceptional performance on relatively low flows with 
high B.O.D. 

low installation and operating cost with a high degree 
of purification. 


Primary clarification and digestion is accomplished in a single structure, 
the Spiragester. A Spiraflo is used for final clarification. 
Secure detailed information. See your local Yeomans 


representative listed in the Yellow Pages of your telephone 
book under “Pumps” or contact factory direct. 


*A YEOMANS Tradename 


YEOMANS BROTHERS COMPANY 
1999-7 N. Ruby Street, Melrose Park, Illinois 


Manufacturers of: Distributors ~- Clarifiers - Digesters - Mechanical Aerators 
Pneumatic Sewage Ejectors - Centrifugal Pumps 











The Pacific Salmon 

will travel many miles and 
overcome many obstacles to reach 
the upper stretches of rivers 


where instinct tells it to lay its eggs. 
After spawning the fish dies. 


This cost Won water main is entering 
im second century of economical service 
to the citizens of Socramento, California. 





SEWAGE AND INDUSTRIAL WASTES 


they in common... 


THE SALMON AND 
CAST IRON PIPE... DEPENDABILITY! 


Spawning salmon can be counted on to return to the rivers 
where they were born. CAST IRON PIPE can be depended upon, too 
to give years of trouble-free service, often for centuries 





AN D | ER | Ss THE PR OOF: Listed below are some of 


the many water utilities still using cast iron pipe that was installed a century 
or more ago. 


watts 
» ¥ 


Mr ANY 
+ DEFT VISION ” "yY cy DPAMISSION 


DEPARTMENT OF PUBL 
DIVISION OF WATER & 
WATER WORKS OFF ARTMENT 

hicoge 
COLUMBIA WATER 

Cotumbie, Pr y 
BOARD OF watir 


Detrant Michige 


tn" 
WATER BUREAU 
DISTRICT, Harte : enney 
BUREAU OF waTER 
Alob . so? , ¢ 
PUBLIC UTMITIRS 


d Veg 


To DAY. @ » modernized cast iron pipe, centrifugally cast, 


is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

Cast iron pipe’s record of performance . .. measured in centuries... make it 

the world's most dependable carrier of water. 

Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing Director, 

122 So. Michigan Avenue, Chicago 3, Ill. 


3 * ce ] eé FOR MODERN WATER WORKS OPERATION 





SEWAGE AND INDI 


ISTRIAL WASTES 


Safe Handling of Surplus 
Sewage Gases 


AR 


VAREC equipment has become 
recognized as ‘‘standard"’ for safe and 
efficient sewage gas handling. It is 
simple, foolproof and dependable — yet 
designed to meet the highest engineer 


<Cl ‘SEWAGE GAS CONTROL 
and SAFETY DEVICES 


Modern Sewage Treatment Plants, 
like other processing plants, require 
equipment specifically designed to main 
tain conditions which will produce maxi 
mum operating efficiency. 


ing standards of accuracy, sensitivity 


and reliability 

The photograph above illustrates a 
typical VAREC control and waste gas 
burner installation for safe disposal of 
excess gases. 

For additional details on this instal- 
lation, or information on other available 
VAREC equipment, contact your nearest 
VAREC representative or address: 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 


Cable address: 


$11 


VAREC COMPTON Calif. (U.S.A.) All Codes 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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NOW...waste treatment is 
‘*‘pnackaged”’ for youl 


An industrial waste treatment plant... 
complete in a package...that’s the great, 
new, efficient answer developed by 
CHAIN Belt to clarify plant water, elimi- 
nate pollution and reclaim process water 
and valuable materials. The new Rex* 
Steel Tank Verti-Flo® is shipped ready 
foruse...just pipe itinto plant sewer lines. 

Bulletin No. 315-92 gives you all the 
facts...shows you how simple and effi- 
cient this new unit is. It shows why the 
Verti-Flo design is ideal for industrial 


waste treatment with its ability to cut 
detention times...reduce tank sizes.. 
assure maximum clarity. It illustrates the 
flexibility of Verti-Flo”...how it can he 
easily arranged to recover valuable ma 
terials and simplify disposal of waste 
solids 

Send for your copy today and also 
informative booklets on the other Rex 
equipment for efficient waste treatment 

Write CHAIN Belt Co., 4606 West 
Greenfield Avenue, Milwaukee 1, Wis 


CHAI™S! BELT COMPANY 


District Sales Offices in All Principal Cities 


® 





SEWAGE AND IND 


Transite 
Sewer Pipe 


provides 


these ye basic 


economies 


The engineer, the contractor and the taxpayer—all benefit 
when Transite® Pipe is used for sewer lines. Costs are cut 
in many ways--among them the four basic Sewer Pipe 
economies ...in system design ...in installation... in 
operation ...in maintenance. If you make a quick run- 
through of the following condensed check list, chances 
are you will find savings which apply directly to your 
sewer system problems. 

For further information and your copy of TR-94A, 
helpful widely used Sewer Design Flow Chart based on 
the Manning Formula, write Johns-Manville, Box 60, 
New York 16, New York 


Johns-Manville 





SEWAGE AND INDUSTRIAL WASTES 


vA Syotem Design 


(Typical Economies) 
®@ Use of smaller diameter pipe @ Smaller earth loads 
® Installation at flatter slopes ® Elimination of cradling 
@ Installation in shallower trenches © Location of treatment plant at 
® Savings in amount of material higher level 

excavated ® Elimination of pumping 
Users have found— With its high flow capacity (flow coefficient 
n= 0.010derived from the Manning formula) and with its maintained 
strength, Transite Sewer Pipe contributes to typical system 
design economies. 


/notgbation 


(Typical Economies) 

® Fewer joints ®@ Speedier assembly 

@ Easier Handling ® Assurance that joints pass severe 
@ Smaller crews infiltration tests 

Users have found — With its longer lengths, light weight, ease of 
assembly and tight, quickly made joints, Transite Sewer Pipe con- 
tributes to typical installation economies. 


Operation 


® Infiltration treatment cost dras- ® Only normal sewage treated 
tically reduced 


Users have found With its tight joints connected by Johns- 
Manville’s Ring-Tite® Coupling, Transite Sewer Pipe contributes 
to typical operation economies. 


> Maintenance 
(Typical Economies) 
® Tree roots kept out—minimizes © Sewers kept smooth and intact 


cleaning pipe stays strong, joints stay 
® Need for frequent inspections resilient 


RT NS reduced 
Tir a a Users have found— With its maintained strength and with its 
a 


- tight joints, Transite Sewer Pipe contributes to typical main 
tenance economies year alter year. 


TRANSITE SEWER PIPE § 


the asbestos-cement sewer pipe with the tight joints 





STRIAL WASTES 


The C-E Raymond System — 


the MODERN method of 
SLUDGE DISPOSAL 





SLUDGE 
oo @ vecum filter coke or 
thickened sludge from any 
type of sewage treatment proc 
ess enjers the C-E Raymond 


System 








emerges as @ desirnble product, <a emerges os o fine dust, tree from 
eoty to handle, exceptionally rich dinker and unburned organic ma- 
in humus, end containing the terials 

trace elements found in good top 


sol 


The C-E Raymond System is the most well designed and operated “activated 
popular most versatile on the market plant” the revenue from the sale of soil 
today. It combines the principles of Fla conditioner is sufficient to cover a sizable 
Drying and Incineration in a single com part of the plant operating costs 
pact system that allows you to Flash Dr Where the production of soil conditioner 
ww Incinerate sewage sludge alternately or is not desired or the sludge is unsuitable, 
concurrently. It is available with a hig! it is flash dried and then completely 
temperatu! deodorization system that burned in suspension to an easily dispos 
issures odor-free operation able, sterile ash 

Flash Drying by the C-E Raymond Sys The services of C-E specialists are 
tem is a continuous process in which vac available to help you plan for the end of 
ium filtered sludge if uncontaminated atmospheric or stream pollution in your 
with undesirable industrial wastes community, as has been done in so many 
efficiently heat dried to a marketable soi others. For specific recommendations on 
onditioner retaining all its original nit the most practical answer to your sludge 
gen, but eliminating the objectionabl lisposal problems, get in touch with the 


pualit f the original wet sludge. In Combustion office nearest you A 


also flash drying and incineration systems for industrial waste disposal 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 
1315 North Branch Street, Chicago 272, illinois 


Eastern Office: 2 Mad » Ave New York 16. N. Y¥ Western Office: * W. Sixth St los Angele 


CANADA: COMBUSTION ENGINEERING SUPERHEATER, LTD MONTREAL 





Call on LINK-BELT for water, sewage 


and waste treatment equipment built to last 


CIRCULINE COLLECTORS | 
ound tanks for quick 
ind scum removal 


{ septicity 


STRAIGHTLINE COLLECTORS for rectangular 
ghts a craightline action all contribute 


ave l ears of] continu 


ONE SOURCE... ONE RESPONSIBILITY 


LIQUID SCREENS have proved 
cual econo - and economical tor removing so 
ry waste treatment industrial liquids. Available 
sizes with fine clot 

er years of opera 
in cities borh 
provide 
rification and 


With ne; 


nas Also been 
plants of all 
states having 
egislation. For 
in dispose of 


recover by 


; 


Droa Line 


THRU-CLEAN BAR TRITOR SCREENS For 


ne plus engi- screens Remove sma wage trearment [fe 
acquired in over 34 large floating particle nt remove both 
; from large volumes of ur f reenings with , . 
water thus protect ne me mise CHEMICAL MIXERS Link-Belt build 
ther equipment Straightline shown) and flash mixers 
nsulrants to bring Efficiency is assured by operation at vas 
modern treatment nae sble speed for maximum floc format 


nearest Link-Belt 


nformation and catalogs 


if specialists will 


your Own cng 


products shown here 


SANITARY ENGINEERING EQUIPMENT 


OMPANY: Executive Offices, 407 N. Michigan Ave., Chicago |. To Serve Industry There Are Liok-Belt Plants and Sales Offices ia All Prin 
« Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives Through 





<—" LUBE SCREW AND 
GUN FITTING 
Mammtains 


brication 
es "we 
OPERATING 
SHANK 
Quick 
quarter turn 
opens or 


ores valve 


LUGE CHANNELS 
Pressurized lubricant 
provides 
perfect tea 


TAPERED PLUG 
Manimum strength 
positive seating 


perfect seating 


LUBE CHAMBER 
acks plug for easy 
peratior 


‘ tuck valve 


Tapered Plug + Lubricant Sealing 


=Trouble-Free Economy 


when you use Rockwell-Nordstrom Valves 


The tapered plug principle in Rockwell- 
Nordstrom valves has proven best for sew- 
age and wastes services because it insures 
perfect seating and permits the plug to be 
hydraulically jacked for instant operation. 
The pressurized film of lubricant that forms 
the leakproof seal between plug and body is 
much more effective than the uncertain 
metal-to-metal seal on ordinary valves... 
more economical, too, because there’s noth 
ing to wear out. And lubrication also makes 


ROCKWELL-Nordstrom 
VALVES 


RUBRICANT SEALED FOR POSITIVE SHUT-OFF 


the quarter-turn operation smooth and easy. 

Rockwell-Nordstrom, the original lubri- 
cated plug valve, is the result of forty years 
of manufacturing leadership and ‘‘know- 
how.”’ A special booklet, ““Rockwell Prod- 
ucts For Sewage and Wastes Services’”’ tells 
you how Rockwell-Nordstrom valves and 
Rockwell meters and regulators can help 
you do your job better and at lower cost 
per year. The booklet is yours for the asking 

just send the coupon today. 


Rockwell Manufacturing Company 
Pittsburgh 8, Pennsylvania 


ry 
| | Please send me Bulletin C-520¢ 


f ] Please have your sales engineer call 
Name 
Address 


City 


SA 
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NERTOL PAINTS 


Specified for Rochester, Minnesota, Sewage Plant 


@ Pump Gallery: Piping 
and equipment painted 
with Glamortex® Enamel, 
finest quality alkyd, in 
color, to assure a long 
lasting, fade-resistant 
finish, 





@ Walls and ceilings throughout this mod 
plant, like those of the room housing the | 
Bele Grit Collector, are guar led with Ramu 
Utility Enamel, chlorinated natural rubber -base 
Colorful Ramuc is eas to clean, chemical 
resistant and won't saponify. It affords top main 


tenance economy as well as durable protection 


PHOTO COURTESY LINK BELT ComPrany 


Specified by Engineers Toltz, King & Day, Inc., St. Paul, 
Minnesota, to fully protect this $2,000,000 plant 


Since 1937, Inertol coatings have been Buy Inertol paints direct from the 
LL. 


used by the city of Rochester—world- manufacturer! Shipment within three 
days from our plant, or from nearby 
of municipalities across the country, it warehouse stocks. For full details 
has found that Inertol assures long about Inertol paints, send for free, 
term protec t10n plus considerable compre hensive 


nm 


famous medical center. Like hundreds 


Engineers Painting 
nance savings Guide Just write us on your firm's 
as elasticity chemical letterhead, giving your title 
beauty—these Inertol qual Be 
s explain why the Rochester pla t Inert 


another 100 per cent Inerrol job trolled rust-neutralizing paiml 


“ret 


inquire about Rustamor,® 


al neu hygroscopically con 


A Complete Line of Quality Coatings for Sewage Plants and Watcr Works 


—-a&£a0)-INERTOL CO., Inc.— 
w 


482 Frelinghuysen Avenue, Newark 5, New Jersey 
27H South Park, San Francisco 7, California 





1244 SEWAGE AND INI ITRIAL WASTES 


COMPLETELY AUTOMATIC MECHANICALLY CLEANED 


UNIT BAR SCREE 


Exclusive Pivoted Rake Design 
Assures Positive Raking from 
Absolute Bottom of Channel 





Horizontal position of rake teeth at the 
beginning of cleaning cycle accomplishes 
raking from absolute bottom of channel. 


mn 
Sik Ga pu as Gar * Selle sees THE “AMERICAN” UNIT SCREEN 
structed channel approach. , : = ‘ 
Completely automatic witha limit switch 
which stops operation with the rake out 
of the flow when time control or water 
level control cycles have been com- 
pleted « Easily installed as a unit in 
concrete channels ¢ Total height of unit 
from mounting floor to motor base is 
only five feet e The entire above-floor 
structure is enclosed with stainless steel 
panels secured by quick opening fas- 
Relie mabinn 40° satitdl deco to Ghiliaves teners to permit easy inspection and 
screenings into trough— Note shear pin hub access. 


with tool steel shaft and hub inserts for 
perfect shear action. 





Send for 


recunica. | AMERICAN WELL WORKS 


s—— va ———$ — 
SUPPLEMENT IN OUR 87TH YEAR — —* O a Pumping, Sewoge Treatment, and 
“MS” 112 North Broadway Weter Purification Equipment 
AURORA, ILLINOIS ar) RESEARCH - ENGINEERING - MANUFACTURING 


Offices Chcoge - Mew Yort - Cleveland « Conwmet  Komos Cry - Soles Representatives troughew the World 
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IOWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines 
Bronze trimmed throughout. Stain 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze 
as desired —aluminum gates avail 
able for air service 


Spent 


IOWA 


for every job 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—eithe: 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
AWWA. specifications but with 
lighter construction for lower 
pressures 


Waite Tovay {or durenipptve Sitinotiine 


IOWA FLAP VALVES—ali 


lowa's complete line of 
valves for treatment plants 
assures you of 
efficient operation, 
low maintenance cost, and 
replacement parts when 
needed in years to come. 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ving; rustproof steel bolts and 
nuts. Handwheels, extension stems 
plain of indicating floor stands if 


required J 


IOWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame 


] 
For 45 years a reliable source for 
precision engineered products 


| 


iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot 
tom prevents foreign matter from 
entering tank 


IOWA SLUICE GATES—can be used 
in lines having both seating and unseat 
ing pressures. High strength cast iron 
bronze mounted, with solid bronze adjust 
able wedges. Can be equipped with cyl 
inder or motor unit for automatic 
operation 


IOWA 
A 


James B. 


Oskaloosa, lowa 


— COMPANY is 


Subsidiary of 
low @& 


ons 

















HANDLING 11,000,000 GALLONS PER DAY, the new sewage plant at Salem, Oregon, has 
Worthington pumps for continuous, economical pumping power. John W. Cunning- 
ham & Associates, Portland, Oregon, were the Consulting Engineers for this project. 


Salem's sewage system relies on these pumps 


since the day our plant opened in 1952, 
Worthington pumps have been in daily operation - 
with never a breakdown. And because these pumps 
are the very life-line of our plant, their reliability has 
proved invaluable.” 

That's what Chief Operator Cliff Reed says about 
the eight Worthington centrifugal pumps at work in 
the new sewage disposal plant serving Salem, Oregon. 

Mr. Reed isn’t alone in his opinion about the rug- 


ged Worthington units. We’ve had similar reports 
wherever Worthington pumps, comminutors or engines 
have been used — and that means water works and 
sewage plants all over the world 

Helping municipalities with their sewage and water 
works problems is our job today — has been for over 
100 years. Write today for Bulletin W-317-B16 to 
Worthington Corporation, Public Works Division, 
Harrison, New Jersey. W411 


7 


WORTHINGTON 


oS aes 
Cisse fe 


ZZ 
ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 


ater Works Pumps « Sewage Pumps « Comminutors « Vertical Turbine Pumps ¢« Vacuum Pumps 
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EKVERDUR STEMS: 
TURN THEM EASILY-ONCE A DAY OR ONCE A YEAR. 
THEY RESIST CORROSION. 


{ust and efficiency—like oil and water Write for free booklet, “Everdur 
don’t mix. In gate and valve stems rust Copper Silicon Alloys for Sewage and 
costs money. You avoid this by specily Waterworks Equipment.” For practi 
ing stems made of Everdur* —strong cal advice on selecting the correct ma 
rustproof and corrosion-resistant terial for your equipment, consult our 

Everdur Copper-Silicon Alloys have Technical Department. Their services 

been fabricated into lightweight are freely available The American 

ewage ind waterworks structure Brass Company, W aterbury 20, Con 
Gates, screens, guides and bolts, weirs necticut. In Canada: Anaconda Ameri 
float chambers, troughs, manhole ste ps can Brass Ltd., New Toronto, Ont 
and electrical conduit—all gain extra **«« at. Of sai00a 
prote ction when made of Everdur 

Depe nding on the type or composi EVERDUR 

mu can work Everdur Alloys hot 


ion, yt x 
or cold, and readily form, forge, weld ANACONDA 


and mat hine them They are available COPPER-SILICON ALLOYS 
in plates sheets, rods, tubes, electrical quaane * einaiene.¢ unmene 


conduit and casting ingots. CORROSION RESISTANT 
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Basic Chemicals for Water... 


COAGULATION 
Aluminum Sulfate, Standard 
Aluminum Sulfate, Liquid 
Ammonium Alum 
Potassium (Potash) Alum 
Sodium Silicate 


FLUORIDATION y 


Sodium Fluoride 
Sodium Silicofluoride 
Hydrofluoric Acid 


Af Vs ihy 
GENERAL 
CHEMICAL 


DECHLORINATION 


Sodium Sulfite 
Sodium Bisulfite, Anhy. 
dium Thiosulfate 


BOILER WATER 


Sodium Sulfate, Anhy. P 
THER USES 
Disodium Phosphate, Anhy ° ad 
Trisodium Phosphate Aqua Ammonia 
Sodium Silicate Hydrochloric Acid (Muriatic) 


Sulfuric Acid Baker & Adamson® Laboratory 


Reagents and Fine Chemica 
CORROSION CONTROL 
Tetrasodium Pyros 


Sodium Trig 


Basic Chemicals for American Industry 


|_ Come} 
GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. ¥ 


Offices Albany * Atlanta * Baltimore « Birmingham * Boston * Bridgeport « Buffalo + Charlotte 
Chicago * Cleveland * Denver * Detroit « Greenville (Misa * Houston + Jacksonville « Kalamazoo 
Los Angeles * Minneapolis * New York * Philadelphia « Pittsburgh « Providence « San Francisco 
Seattle * St. Louis * Yakima (Wash.) * In Wisconsin: General Chemical Company, Inc., Milwaukee 
in Caneda: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 
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sewage : 
screenings 
no problem 


disposal 


GRINDER 


Init 
sewage 
more 


(back 


in primary plant. Get 


Cleaned Bar Screens 


( 


Jeffrey Grinders (with metal catcher) 


combinations for all sizes of pl 
Sanitation Sales Division, The 
Columbus 16, Ohio 


JEFFREY DISTRICT OFFICES ¢ 


Birmingham 3, Ala., 2210 Third Ave. 
Boston 16, Mass., 38 Newbury St. 
Buffalo 2, N.Y., 402 Jackson Bidg 
Chicago 1, Iil., 307 N. Michigan Ave. 
Cincinnati 2, O., 2905 Carew Tower 
Cleveland 15, O., 1560 Hanna Bidg. 
Denver 2, Colo., 1726 Champa St 
Detroit 13, Mich., 5808 St. Jean Ave. 
Duluth 2, Minn., 14 W. Superior St. 


ae 
/,* a, 


ONVEVING © PROCESS! 


ANSMISSION MACHINERY 


c 


TR 


Screenings are pulp-ground and 
They readily settle and will not increase 
information 


QJEFFREY 


IAL WASTES 1208 


JEFFREY SCREENS and 


solve 


5 


Completely the 
problem of sewage screen- 
returned the 

cum formation 
Mechanix ally 


and 


to 


Jeffrey 
ine lined or 
Available in engineered 
Catalog 833-A, write to 
Manufacturing Company, 


on 
leaned, vertical) 
ant For 


Jeffrey 


Apron, Belt, Spiral Conveyors 
Bar and Disc Type Screens 
Biofiltration Plant Equipment 
Bucket Elevators 

Chains and Sprockets 

Dry Chemical Feeders 
FLOCTROLS 

Garbage Grinders 

Grit Collectors and Washers 
Power Transmission Machinery 
Rapid Mixers 

Screenings Grinders 

Scum Removers 
Sludge Collectors 
Sludge Elevators 
Traveling Water Screens 


Houston 2, Tex., 903 City Nat. Bank Bidg 
507 Exchange Bidg 


Jacksonville 2, Fla., 
735 N. Water St 


Milwaukee 2, Wis., 
New York 7, N.Y., 30 Church St 

Suburban Station Bidg 
1424 Oliver Bidg 


Philadelphia 3, Pa., 
Pittsburgh 22, Pa., 
Raleigh, N.C., 116 $ 
Salt Lake City 1, Utah, 733 Judge Bidg 
1961 Railway Ex. Bidg 


Harrington St 


St. Lovis 1, Mo., 
Son Francisco 2, Calif., 870 Market St 


QutPMENT 
TURING 


MINING E 
T MAWN 


NG bd 
ONTRAC UFAC 


e C 
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s designed 
by Henry W. Taylor, 
Freeport, N. ¥ 


INCINERATION PLANT 


serving Hempstead, N. Y. 


« Large but not an eye-sore 


¢ Efficient and flexible 


Serving some 450,000 people, this plant provides an excel- 
lent example of the way larger communities are handling 
their refuse problems. Land-filling can no longer be tolerated 
in the suburban areas and should not be tolerated anywhere 
Yet, there's no need to have an incinerator plant that's offen- 
sive to the nose and eye. Modern design and modern opera- 
tion take care of the nuisance factors 


For this Hempstead plant, we furnished four Morse Boulger 
Mechanically Stoked Furnaces for handling up to 700 tons of 
refuse per 24 hours. Waste heat boilers recover much of the 
heat and provide steam for two 1000 kw. turbo-generators. 
Our engineers also furnished the crane charging equipment, 
stacks, fly ash removal unit and ash removal conveyor. 


What we did to help in this Hempstead project we can do 
to help you...working with your sanitation engineer or your 
consulting engineer. The point to keep in mind is that your 
community, too, can have clean, efficient, nuisance-free 
refuse disposal in a modern incineration plant such as this 
Morse Boulger plant 


MORSE BOULGER DESTRUCTOR CO. 


80-6 FIFTH AVENUE ‘ NEW YORK Ii, N. Y. 
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Penn Meters at Bryant 
Street Pumping Station 
Washington, D. C. 


PENN METERS 


AT WASHINGTON, D.C. 


In 1951, modernization of the Bryant Street Pump- 
ing Station was completed. This transformed one 
of the oldest pumping stations in Washington into 
one of the most modern and efficient stations in 
the country. The result was an increase of capacity 
from 89.5 to 310 million gallons per day 

All discharge flow is now measured by Penn indi 
cating, recording, and totalizing, null-balance, 
servo-powered electric meters having full 10” indi 
cator scales 

hese meters provide an excellent example of 
matched metering at its best. The primary ele 
ments were all individually rated after installation 
and the meters were matched precisely to the ra 
ing curves by exact cutting of the calibration cam 
This permits the highest reproducible accuracy 
which is a distinguishing feature of Penn meters 

In addition to the flow meters, Penn furnished 
all pressure recorders These also are equipped 
with 10” indicators 

Since their installation, all instruments have 
given completely satisfactory service with a mini 
mum of maintenance, 
HIGHEST REPRODUCIBLE ACCURACY di: 
tinguishes Penn meters. This accuracy is accom 
plished only by a null-balance, servo-powered electric 
meter. To this unexcelled high fidelity of electrical 
transmission and recording, Penn adds the additional 
refinement of a calibration cam. This cam precisely 
matches the calibration of the recorder-totalizer with 
that of the differential producer The result i 
“matched metering’ and higher overall accuracy 


Your correspondence is invited 


tr 
MATCHED 
METERING 


THE PENN LINE 
1S COMPLETE FOR 
MATCHED METERING 


DIFFERENTIAL PRODUCERS 
Venturi Tubes 
Te TT 
ee ee 
a 
Orifice Plates 
Venturi insert Moxzzies 
ASME Moxzles 
merers 
Open Chenne! 
Differential 
Variable A 
Electric 
Mechanica! 
Preumeti« 
Totalizing 
PY | 
Recording 
Summation 
CONTROLLERS 
RECORDERS 
Rete of Flow 
Chemical Feed 
Liquid Level 


TELEPHONE LINE 
TRANSMISSION 


P.501 


» E fe ig Inst vuments 


DIVISION OF BURGESS-MANNING COMPANY 


4104 Haverford Avenue « Philadelphia 4, Pennsylvania 





SEWAGE 


Behind control building 


it Sykesville, Maryland... 


PI 7 Floating Cover or 


a5” digester 


A hospital equips for effective sludge digestion 


WITH MODERN PFT EQUIPMENT 


To meet its own rigid sanitary standards, 
the Springfield State Hospital at Sykesville, 
Md 
ment plant in 1953. Key features of the plant 
are the items of PFT equipment installed for 


constructed a complete sewage treat 


eflective sludge digestion! 

In the 35’ digester, a PFT Floating Cover 
was specified for its positive scum submer 
Floating 
Covers reduce explosion hazards by main 


gence and safe utilization of gas. 


taining gas at positive pressure to prevent 
the entrance of atmospheric oxygen 
Floating Covers also simplify operation 
by eliminating the need for fixed levels 
additions and withdrawals can be made at 
times best suited to the over-all operation 
In the room, a PFT Cover Posi 


tion Indicator (Liquidometer) tells the op 


control 


erator at a glance the exact position of the 


| loating Cover 


rhe hospital was naturally concerned 


over the possibility of odor nuisance. To 
avoid this problem, a PFT 2” Waste Gas 
Burner was installed to burn off safely all 
excess gas produced in the digester. 

As in all its installations, PFT 
consulting engineers by showing the adapt- 


assisted 


ability of its equipment in meeting specific 
plant requirements. To further assure suc 
PFT 


proper 


cessful treatment, instructed 


the 


plant 
personnel in operation of its 


equipment 


Requardt & 
Maryland 


{ssoctates 


waste treatment equipment 


exclusively since 1893 


PACIFIC FLUSH TANK CO. 
424) Rave 
Chicago 13 


wood Avenue 
Illinois 


* JACKEONVILL E « OENVER 
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Beaumont, Texas installs Densludge Digestion and 
four 195’ Dorrco Distributors 





Among the more unusual new installations in the under a head of 3.2 ft. while the secondanes han 


United States is the 30 MGD Ultra-Modern Plant dle 30 MGD each at a 2.75 ft. head. Also unique is 


now serving Beaumont, Texas. Employing the the use of Densludge Digestion incorporating two 


Biofiltration flowsheet followed by Densludge Di Densludge Thickeners to concentrate the solids to 


gestion, the plant is designed for a population load 6-7!4% prior to digestion 


of 200,000 with room for expansion As this new plant at Beaumont shows, there’s a 


Unusual at Beaumont are four 195‘ Dorrco D Dorr-Oliver unit for practically every step in every 


tributors among the largest ever manufa sewage treatment flowsheet. Write for a copy of 


tured. The primaries are rated at 15 MGD each Bulletin No. 6041 which covers the complete line 


Here's the equipment insolled at Beaumont, | 4 Dorr Detritor « 4 155 


dia. Dorr Secondory Clarifiers 
4 155’ die Dorr Primary Clarifiers + 2 


orrce Primary Distributors + 2 195° Dorrco Secondary Distributors 
2 50’ dia, Dorr Densludge Thickeners «+ | 80’ dio. Dorr Multdigestion System + 6 Dorrco Plunger Pumps 
Consulting Engineers: GEORGE J. SCHAUMBURG, Beaumont, Texas 


Engineering neuitants; FORREST & COTTON, Dallas, Texas 


ornR-COLIvVER 
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IMPROVING THE EFFICIENCY OF 
EXISTING INTERCEPTORS 


Erik Rius-Carsti 


Overflow Phenomena of prepared ‘44 a set of diagrams 
Combined Sewers covering O ow data. The diagrams 
have rece} been corrected to cor 

for the search for means ;, 

form to the ults of gagings made by 


he efficieney of intercepting 
. ; | the Buffalo Sewer Authority in the 
possibly can be improved at . 
1954 on numerous exist 
cost, the present day knowl 


The corrected diagrams 
igure 1 


noted that a special term 


e various factors which have 


on the subject has been re 


or characteristic factor of 
been used ‘| he COh’”’ 


for a particular area 


evaluation of the pollutional 


‘ 


verflows from a system of 
ned sewers eludes any available 
d of caleulation hecause so many average dry wenumes 
; - » the runoff (¢.f.s.) dur 
eterminable factors are involved. 
localities, however, the effeet rainfall of one inch per 
r than would be ¢ x pected and kpressed as 
oblem of abating pollution from Per Capita Flow (g.p.d 
irce has been given serious study e 
any cities. It has also been real 
hat any large city, served by com where a the population density 
vi rs would face enormous dif per acre and ‘‘e’’ is the runoff coeffi 
and probably prohibitive ex cient. This ratio is of great importance 
ires if required to eliminate the in the evaluation of excess capacity pro 
tion caused by overflows if vhen the flow to be interes pted Is 


in proportion to the dry 


, , the etug vaccines 
ons of frequencies, dura he actual gagings indi 


d quantities of sewage dis uild be reasonabl to ap 
u overflows from a system Ply an allowance of plus or minus 30 
mbined sewers have been made by per cent to the data shown in Figure 1 

engineers in conjunction with re 

: %- Strength 

m the design of intercepting sew 
The results of studies of the sub all sewers in a system were com 
t have been published by McKee (] elf-cleaning, and the entering 
sand Manning (2), and Palmer (3 storm water was pure, overflow would 
based of a thorough study of rain ist of normal sewage, diluted in 
records from Buffalo N ¥ made proportiol the storm water carried 


Gascoigne in 1930 (4), the author The annual quantity of sewage that 


1115 























¥ 
, 


FIGURE 1 Storm water overflow data from a combined sewer serving a district with 


variable characteristics 
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OV erflows 
well 


the 
fairly 


escape through 


estimated from 
similar diagrams. It is 
probably true that these conditions are 


ld be 
Figure 1 or 
never fully met and that actual devia 
tions vary greatly. 

Che 


an; 


entering storm water is never 
a part of the dust and dirt col 
ted on the streets will be washed into 

sewers Via the catchbasins Palmer 

}) reports, on studies made at Detroit 
to determine the quality of storm water, 
the samples of runoff taken from land 
were highly polluted. In addi 


weather flow velocities are 


uriaces 


tion the ary 


ften so low that the sewers are not self 


aning during rainless periods and 
leposits of sludge accumulate. This oe 


more often in laterals than in 


trunk sewers 
During rain storms the deposits in 
atch 


partly stirred up and carried away by 


basins and sewers are fully o1 
the fl The process of scouring can 
be expected to continue some time after 
the storm has started and the dislodged 
material will move through the sewers 
In 


ith the velocity of the storm flow 


listriets with long times of concentra 


tion, storm water from outlying areas 


TABLE I. 


Bird Aven 


p.p.m.) 
onds (p.p.m,.) 
ids (p.p.m.,) 
susp. solids (p.p.m.) 
solids, 4 hr. (ml./L.) 
lids, 1 hr. (ml./L.) 
1,000 Ib. /day) 
5-day (p.p.m.) 
(1,000 lb. /day) 


hlorine demand (p.p.m.) 


solids 
BOD 
44) 7D) 
(Chlorine demand 
1.000 |b. /day 


1) pm to G00 PM 
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will reach the trunk sewer outlet a long 
time after the beginning of the storm 
In addition, the storm flow will include 
relatively clean water from areas where 
the sewers have already been washed 
out 
Other investigators have pointed this 
process out and report that the strength 
of the overflow water, after the capac 
diversion to the interceptor 
’5 times the dry weather flow 
has the following 


M.P.N. 4,300,000; 5 
day B.O.D. 50 p.p.m, ; suspended solids 


has bye ern ¢ xceeded., 


characteristics 


; and suspended volatile sol 
Erratic 
the overflow 


200 p.p.m 
ids 100 
the str 


p.p.m Variations i 
ngth of 
of 
the direction of its consulting 
the Buffalo Sewer Authority 
an of 
gaging and sampling the sewage flow 
in 1936 1937 (5) 


results from these gagings 


are char 


acteristic storm water. 


Under 
engineers 


undertook extensive program 


and Table | presents 


some ot the 
oe 


the period August 5 
19 and 20 


made during 
1936, Data from August 15 
lected because a storm causing 
a precipitation of 0.55 in. fell on Au 
{0 pm and 9:00 pM, 


vere sé 


19 between 5 
August 


rust 


while 


18 and 20 were rainless 


Data from Gagings Made August 5-22, 1936 


e District Avenue District 


August 





rABLE | Flow and Suspended Solids, 
Bird Avenue District, August 19, 1936" 


ring storm 


rainfall on 


Bird A\ 


torm on August 19 


Improving Interceptor Efficiency 


itatiol Lilly make 





INTERCEPTOR 


ment facilities would probably require 
greater expenditures than the taxpay- 
ers would approve. It is logical, there- 
re, to search for less costly means to 
prove the efficiency of existing in 
receptors and partially abate the pol 


lution due to overflows 


The 


arry the 


purpose of an interceptor is to 
greatest possible amount of 
solids, not necessarily flow, to 
treatment plant The efficiency of 
an interceptor should be measured by 
not 


en here to the differences in capacity 


yardstick. Consideration is 


a watercourse to absorb pollution at 


various overflow locations. 


Balancing the Diversion Factor 


It is common practice to intercept 


flows in excess of the peak dry weather 
the 


factors are chosen so flows up to a pre 


flow In usual method. diversion 


determined ratio of 24% or 3 times the 


average dry weather flow will be inter- 


pted. Another method of design pro- 


TABLE III. 
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vides for the intereeption of the aver 


age dry weather flow plus the runoff 
from rains of predetermined frequency 
The ratio 


would appear to cause frequent unde- 


use of a predetermined 


sirable overflows from districts where 
the ‘'Ch 
ond method would cause excessive quan 


factor was small. The see- 
tities of storm water to be intercepted 
attempt to the 
method, a study was made to determine 
method the 
pollutional matter to escape 
the 


balancing of diversion factors so max 


In an arrive at best 


which would cause least 
amount ol 
Consideration also was given to 
imum efficiency could be obtained 

For illustrative purposes an imagi 
nary sewer system was considered and 
a flow equal to three times the average 
dry weather flow was taken as the total 


floy All 


re assumed to be self-cleaning 


amount ol vy to be intercepted 
sewers We 
and the diagrams in Figure 1 corrected 
accordingly. or simplicity all sewer 


districts were considered as having 


Comparative Estimates of Escaping Sewage Quantities Under Different 


Diversion Arrangements 


500 
1.OO0 
1 O00 


OOO 
O00) 
500 


A) 
1 O00 
OOO 


OOO 
000 
500 
00 1.000 
O00 
FOO 


| (uM) 
1.000 


Diversion factor 


Clases A districta—d = 32 persons per acre 
( ise 1 districts 


d = 120 persons per acre 


8.000 
20,000 
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ial combined 
regulating 
water level 
to pe! 
flow to 


arged thro 


small 
over 
‘wer 
Various 
ve great 
meentra 


lall 


olume 


ssary 
t eoncentt 


W here 


drauly 
interceptor Was below 


| level pplemental 


aturally iost benefi 


ispended 
I 


luring the 


particu 


‘olled sewer 8) 
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INTERCEPTOR 


able on the volume and strength of 
simultaneous flows 


Stand-by Tanks 


The storage capacity available in a 
large intercepting sewer at the begin- 
ning of a storm has some value when 
itilized for the collection of the storm 
water which carries a heavy load of 
suspended solids Flexible interceptor 
controls may entirely eliminate over- 
flow from a large number of the many 
storms. It is obvious that the 
volume of flow containing suspended 


minor 


solids during intense storms far exceeds 
the amount that can be carried away 
or stored in the intercepting sewers. 

If a high degree of overflow elimina- 
tion is required for pollution abatement 
reduction can be obtained by the con- 
struction of These 
tanks may serve individual districts or 
be constructed at 


stand-by tanks. 
points 
along the intercepting sewers, thus add- 
Where 
the individual sewer districts are large 
and the long, 
enormous capacities would be required 


convenient 
ing general storage capacity. 


times of concentration 


if the tanks intercepted a substantial 
amount of the solids laden storm flow 

It is possible, however, that the re- 
tention utilized at 
moderate 


principle ean be 


expense when designs are 
made to conform closer to what may be 
called the ‘‘ logistics of suspended solids 
deposits.’’ Study of strengths of over 
that the shorter the time 
of concentration, the greater and more 
sharply defined is the strength of the 
overflow. During a storm the flow in 
the combined sewer will increase rap 


idly, 


flows reveal 


during the 
preceding dry weather period will be 
carried in the sewers 
with approximately the same velocity 


Deposits collected 


dislodged and 
as the storm flow. 

In a lateral sewer this scouring proc 
ess will oceur for only a short time be 
fore the storm flow will change char- 
acter and become quite free from street 
and sewage solids. Depending on the 


time of concentration, storm water 
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from washed and unwashed sewers will 
mixed as it 
The stand-by 
tank capacities required to retain a 
part of this flow will in 
crease with the size of the tributary 
district 


become more and more 


travels down the sewer. 
substantial 


Therefore, stand-by tanks be 
come less and less efficient with longer 
times of concentration, In principle, 
a system of small local tanks properly 
distributed over a district would be far 
superior to a single large tank at the 
outlet 

While the thought of a multiple sys 
tem of storm water tanks is rather over- 
whelming at 


first, several factors are 


frequently present to make possible 
worthwhile improvements by such ar 
rangements. It is common in the small 
branch and lateral sewers that the dry 
weather flow 


prevent the 


velocities are too low to 
formation of deposits 
Areas with sewers that collect deposits 
are the principal sources for the heavy 
loads of suspended solids carried by 
it is feasible 
tanks 


l’urthermore, 
local 


storm flows 


to construct storm water 


which would be by-passed by the dry 
weather flow 


These tanks would col- 
lect and retain a predetermined volume 
of storm flow and automatically dis- 
this the trunk 
when normal dry weather flow has been 
established 

In many localities a well planned sys 
tem ol 


charge water to sewer 


water tanks would 
the amount 
pended solids which otherwise would 
the 


This plan offers the advantage of pro 


local storm 


materially reduce of sus 


be discharged through overflows 
vressive construction, permitting units 


to be built as needed. 


Sewer Reconstruction 


One way to minimize the discharge of 
suspended solids through the overflows 
would be a program of reconstructing 
the sewers that collect deposits Such 
a program might require expenditures 
not justified by the results obtained 
However, it does appear to merit con 


sideration, particularly in connection 








MECHANICS OF OXYGEN ABSORPTION IN SPIRAL 
FLOW AERATION TANKS 


III. Application of Formulas 


By Henry 


r Ciwil Enaineer 


ormulas for computing oxygen ab 


ption rates in spiral flow aeration 


ave been derived and checked 


verimentally. Their usefulness, how 


er, depends upon what their applica 


tions will be, 


from 


Then 
ot res 


greatest value probably will 
ilt from the aid they 
stimating air requirements, but rather 


the fact that they relate all the 


rive in 


factors affecting the entrance of oxygen 


ito solution. 
uuld be 


eration ol 


Kor this reason, they 
helpful in the design and 


activated sludge plants 


ecause they serve as a basis upon 


which better analyses can be made of 


the many problems encountered in the 


il 


esign and operation of the aeration 


inks, Sanitary engineers will at once 


see Ways in which the formulas will be 


useful 


may 


msed 


operating 


tie 


However, few illustrations 


of interest. 


a 
he 
Computed Air Requirements 


At 


] 


the formulas cannot be 


with any degree of certainty for 


pre sent 
omputing the air requirements for any 
Too little 
regarding the extent 


articular aeration process 


iown as yet 
solids are oxidized in 
related to the 
of the oxygen absorption coeffi 
and the quality of the effluent 
additional data are required con 
the ol bubbles 
conditions. Air 


ion estimates on the basis of air neces 


vhich sewage 


eration process as 


erning size air under 


consump 


ne 


ary per pound of B.O.D, removed, as 


ndicated by experience, is a more prac 


cal method The formulas, however 


R 
Il 


f Chicago 


should serve as a guide in aeration 
| 


plant a 
the 


esign where the object is to keep 
eosts of power for the compression 
as low as economically practical 


Power Requirements 


xygen absorption rate and 


pound of oxygen absorption 
relation to rate of 
igure 10 for the 

at 20° ©. and zero D.O 
th air diffusing at 15-ft. depth 


‘onditior 


Vnoin “air ap 


in aeration 
clean water 
our 
is of air diffusion are included ; 

is, 9 and 10 per cent diffuser plate 
eas with bubbles of 0.1 and 0.15 
diameter. The diagram is based on 
Kqs. 6 and 7. At 10° C. and the same 
conditions the 


would be slightly lower and the 


ail 
it 
otherwise, absorption 
plate 
power requirements slightly higher than 
at 20° ©. The power requirements are 

Allowances have 


and 


been made for 


blower motor efficiencies and pip 


nye and diffuser losses 


the 
requirements per pound of oxy 
than 
© 


the activated sludge process 


en absorption are much higher 
10. This 


gen absorption coefficient being 


iown in Figure due 


Is 


than in clean water, and also duc 
fact that in plant operation sey 
of DO hy 

mixed liquor to insure aerobi 
tions. It is probable that for the 


ate 


.m must maimtained 


of air application the rate of 


ren, absorption in the conventional 


vated sludge process averages only 


it 60 per cent of that shown in Fig 
10 


and, consequently, the power 


about 167 per cent as much 
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FIGURE 10.—Oxygen absorption rates and power requirements in aeration of clean 
water in 15-ft. depth spiral flow tank. (Based on Eqs. 6 and 7; water at 20° C. and zero 
D.O., barometer at 29.3 in. Hg.) 


To relate power per pound of oxyge1 ludge and effluent in the conventional 
n and power per pound of ictivated sludge process 

B.0.D. removal requires so) On this basis, 1.0 lb. of 5-day B.O.D 

» of the extent to which tl ) per cent oxidized would require for 

yved from the sewage is ox e total B.O.D. oxidized about 1.5 

aeration process. Tes x 0.75, or 1.12 lb. of oxygen. There 

‘kian (18) indicated that a fore, the power per pound of 5-day 

reduction in the B.O.D B.O.D. removal for such an extent of 


process produced a good xidation in the process would be, on 
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FIGURE 11.—Air and power requirements in relation to depth in spiral flow aeration 


tanks. 


(Diffuser plate area 5 per cent, air bubble diameter 0.13 in., water at 20 


C. and 


7 p.p.m. oxygen deficiency or 10° C. and 9 p.p.m. oxygen deficiency, air compression 
efficiency 65 per cent over-all, air piping and diffusion losses 1.25 lb. per sq. in.) 


the basis of the foregoing, about 167 
1.12, or about 187 per cent of that per 
pound of oxygen absorption for clean 
water at zero D.O. (Figure 10), for any 
particular rate of air application 

It should be noted that Figure 10 
shows that as the rate of air applica 
tion increases, the power per pound of 
Therefore, 


the greater the B.O.D. loading of any 


also increases 


aADSO!I ption 


particular aeration tank, all other con 


ditions remaining unchanged, the more 


the power per pound of oxygen absorp 


tion accomplished 


Economical Tank Depth 


The formulas may be used to deter 
mine the economical depth of aeration 
tanks. This can be done easily when 
the aeration channels of various depths 
are geometrically similar. 
ple, for the 


treatment 


‘or exam 
same conditions of 


sewrhur 


that 1s the same bubble size 
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BOD Al 


plied | li I volume 
her v, 4M ( eg gy equations 
B.O.D. loading 


than 
Kach plant 


idered fron 


Economical Loadings 
are also helpful 
il li nqui yun nie ne ispended 
the tar 
is twice 


CPCONOMLLGE 


at the ad 


ate d sluder 


required per pound of 

from the stronger sew 

imes that 

we, This 

re aera 

ed for the 

omical addi 

on the rela 

r for alr 

air could also 

ere d by using more than a 10 pei 

1 he stronger 

is the air application rat N dy aeration tank loadings 
r 1,000 eu. ft. per p.p.n | » complete, however, without 
rption per hour, For th ils sidering the related require 





‘entration 


retained 


the 


ents for 


olumes 


Another analysis by 
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final settling tanks. In the 


oregoing illustration, the higher con 


the 
sewage 
settling 
obtained 
ent to that from the weaker 


vi al 
allii AlSO 


oT suspended solids 
xed liquor for the stronger 
yuld final 


f an effluent were to be 


in 


also mean more 


sey 
in order to produce ade 
the 


concentration of return 


vithout any longer period away 


aeration 


l7a and 17b ean be used in an 
vay for determining the 


I econom 
B.O.D 


tanks 


been 


loading for 


‘ ‘ 
aeracion 


TY e3 has 


ampli a sewayte 


nan acti 


ated sludge process 


ficient time to establish the air 
ents per pound of B.O.D. ap 


conomie loading for sewage 


be explored. As 


eonditions 1 


ilar origin may 


operating main the 
is, the same sewage tem 
el plate are bub 
total suspended 
mixed liquor to that en 


a ratio 


ratio of 


hour or 

used to de 
requirements 
add 


r the annual costs for compressed air 


sewage in an 
ations can be 
the 


Various 


relative 
B.O.D 


nine ait 


loadings. By 


those for 


and final 


the most 


aeration tan 


required, economical 


} ¥ 
ation tank loading 


ed. However 


may be deter 


Some know ledge of 


characteristics of final settling 


neces 


their 


ary in order to properly 
requirements to the solids 


entrations in the mixed liquor 


Sludge Reaeration 


the 
17h may be illustrated in 


means of 


l7a and 


sidering sludge reaeration as a 


of 


For example, a 


ans of reducing the volume aera 
tank required 
that 


tan| 


as a substitute for the aera 
Oot a activated 
to be 
for mixed liquor aeration and 


me-fourth of 


conventional 
the 


ace process first half Is 


the second half for 
aeration of the return sludge, with 


air and tank 
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a suspended solids concentration four 
times tha 
nve 


3 
uid b 


t in the mixed liquor, Thus 


eighths as much tank volume 


used for the same degree of 


oxidation of the activated sludge, 
the solids 


the same 


since 
under aeration would remain 
in either case llowever, to 
maintain D.O 


alent to 


in the sludge reaeration 
that the half 
original aeration tank, for a dif 


equi 


ol the 


in second 
fuser plate area of 10 per cent, would 
require or 1.4 times as much alr 
oxygen absorption. Thus, 
with sludge 
for the total 
ol 
original tank 
probable that the 


of this arrangement 


tank volume 


nm would require 
nm period an average 1.2 times 
sary for the 
it Is quite 
in the case 

reaeration would be inferior 


Ww ould he 


sewage In contact 
activated sludge for Just one 

it would the 
vated sludge process 


he final tanks 


in conven 
by fore 
A decision on 


‘use of sludve 


reaeration would have 
to be based on the costs of compressed 
volume, with consideration 
to the over-all sewage treatment 
Use 
area for sludge reaeration than 

used 

the 


stems 


of considerably larger 
for activated sludge 
air requirements for 
together, 
diffusers 


very close 
the 


a relative ly 


where are 


small 


Aeration Tank Volume 


17a and 17) also may be applied 


nye the volume of aeration tan! 
or an activated sludge proe 


sof 


bemg 


that two different size 


aeration tanks are 


r. Al 
ould operate with four times 
of 


under aeration would be 


four times large as 


4S 
»assume that the smaller 
the 
ntration 80 
the solids 


suspended solids 


in either case, thus assuring 


ame degree of oxidation of the ae 





of diffusers can be com 


porous plates in the lab 
It is quite probable that the 
e efficiencié obtained in 


rimental tanks would hold 


could he redui or ple size installations 


ising more plate area 
the added power for air Summary 
aerator tan 
other addition 


ettling 


hee presented for 

ates of oxygen absorp 
ow aeration tanks in 
ision is by means of por 
They are based on 


the rates 


itmospherk erat l rising air 
ibbl and 


made 


By means 
del theory, formulas 
tank depth wer 
checked by mean if labora 
-@ as " 
Research ory ti ' mall tanks also on 


} , ~ ‘ } | if ~ 
to the value n tank rmination 


the effects of such factors 


ition rate, air bubble diam 


hn deficiency, water tempera 
d pollution. 

mall tan] formulas show the relationship 

Mh f the various factors affecting oxygen 

| Thus 


nNurposes 


I 
on with prob 
wn and opera 
dar pNrocess 
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In the 
Part I of 
ameter 


Table I of 
bubble di- 
bubble volume 
raised to the 144 instead of the 3% power. 
Correctly computed the oxygen ab- 
Table I about 
lower than those shown. 


computation for 
this series the 
varies as the 


sorption rates in are 


< percent 
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RESEARCH ON ACTIVATED SLUDGE 
VI. Oxygenation of Water with Air Bubbles 
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publication 
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ice The application a 
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surface is determined 
the 
vhich depends upon the time 
ol 


in interfacial 

the 

ue of 

ol existence 

na 

concentration 

Phe relation 

Whitman which 


into account 


concentration gradient, 
the interfacial surface 


not merely by the difle ence in 


and 
this 
to 


used by Lewis 
take 


leads 


inaccuracies in the conception 


does not 


therefore 


vhat occurs at the interfacial surface 
consideration of fundamental im- 
s that the “resistance”? which 


the ol 
due 


Ln 


port 
control diffusion is 
the 
thinner or thicker films of gas or liquid, 
» the fact that the rate of diffusion 
the 
existence 
This 


at the moment of 


rate not 


marily to existence ofl 
hut ti 

inversely proportional to 
oot of the ot 


nterfacial 


square 
of the 
velocity is 


time 
urtace 
therefore a maximum 


formation of the 


interfacial suriace and 


ifterward 


the 


decreases very rapidly with 
time 
Danckwerts (2) gives a mathematical 
exposition of gas absorption under a 
variety of conditions, taking as a basi 
Fick’s law of diffusion and entirely 
thandoning the “stagnant film” theory 

The following study is based on this 
ame pring iple although the procedure 
that of Danckwerts 


to a single case, 


is different from 
The study 
iz., the dissolving of oxygen from an 
bubble in The 


ctness of the theoretical procedure 


is limited 


cending ail water 
corre 
has been confirmed by experiment 


Theoretical Considerations 


the of 
vater of low oxygen content, 
diffusion the 
The rate at which 


During ascent an air bubble 


through 


ax yeni 


{ D&SSses by from 
into the water 
proceeds depends to a considerable 
the the 
vers of water molecules adjacent to 
bubble 
The 


layers which occurs in reality 


tent upon rate at which 


air are replaced by other 


continuous variation of 


cannot be approximated by a mathe 


cal expression. This variation of 


boundary layers may be considered 
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to be replaced by a 


kind in 
lavers remain unchanged during a cer- 
tain alter 


variation of a 


different which the boundary 
suddenly 
ot 


other 


which they 
the remainder 


replaced by 


time 


become mixed with 


t he and 
lavers L se Is 


liquid are 


made of the following 


additional symbols or supplementary 


definition 


area of boundary 


ol 


sq. em 


concentration oxygen Z 
ml 
ol 


pressure 


concentration oxygen 


of 


in 
water at a one 
atmosphere of oxygen; 
concentration of oxygen in 
water 

ol 


saturation; 


concentration oxygen in 
water at 
diameter of air bubble 


= i mil 


py, & 
height of water column through 
vhich the air bubble ha 
cm 

height of 
vhich the water 


passed 
column ove! 
the 
boundary of the air bubble are 


wate! 


lavers in 


considered to remain quiescent ; 


coefiicient of diffusion of oxy- 


gen in water (sq. cm. /se¢ 
assumed in this research to be 
2™&*« 10 aq 
h/h’ 


pre 


em, / sec 


“lt bubble 
diffused 


ure in atm 


quantity ol oxygen 
ol 
bubble when p 


quantity oxygen in alr 

l atm. (g 

time of contact (sec 

time of existence of hypothet 

ical interfacial surface at rest 
hh’ /t ec 


elocity of ascent of air bubble 


in water (cm./sec 


of air bubble (ml 


| 
omume 


olume of oxygen in air bubble; 


‘ait bubble 


| 
oOlme 


after di 


ol oxygen in 
tance he 
olume of oxygen in air bubble 


after distance h’; 
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ume of oxygen diffused fro: 
bubble after dista ice 

pressed as a percentags 

jume of oxygen diffused f 


bubble after distance / 
absolute concent 


gradient where f 

t concentration ot oxy 

one side and ule 

L concentration on the 
a water iayel 


oly cm 


relati c concentrat 


udient, or the concentrat 

dient where ¢ | 
ind ¢ a 

During 


Lire period ot existence ol 


interfacial urlace air/water at re 
the rate at which the oxygen passe 
ith 0.0 mg. pel 


the relation 


ket’ 


2A Vx 


then be formulated 


—dQae 
wd t 


dt 


dVo, 
dt 


hy cone 


A L {kt 
ay om N's 


Vor)” it follows that 


h’ 


i 


X Com Vs 


It ha assumed in this deduction 


that the xygen content of the water 


in which the air bubble ascends is in 
ariably equal Lo ze! 

[here are certain conditions which 
have not been taken into account in the 
deduction First there is the increase 
in volume of the air bubble as a result 
of decrease in pressure during ascent 
and the 
dissolution of 
It can be ascertained by cal 


decrease in volume due to 


oxygen from the ai 
bubble 
culation that in the case of a 3 m 
column of water and Vy 50 per cent 
the effect of each of these factors acting 
in opposition to each other 1s, re- 
pectively, 4 per cent and 1.5 per cent 


Accordingly, the amount of oxygen 


passing into solution is only a small 
percentage less than that indicated by 
the theoretical formula. Furthermore, 
in the deduction of the 


formula no allowance has been made 


theoretical 

for the passage of nitrogen into solution 

The foregoing theoretical develop 

ment for the amount of oxygen passing 

nto solution during the ascent of an 

air bubble through a water column 

ving an oxygen content of zero, is 

a result of the adoption of 

h’. The determination of 

f this entity gives a clear 

insight into the degree of surface re 
newal during ascent of the bubble. 


Chere is 


reasoning 


another line of theoretical 
which indicates more cor 
rectly what happens at the interfacial 
surface. This method does not, how- 
ever, at once afford a clear insight 
into the degree of surface renewal 


At the 


surface there | 


bubble-to-water interfacial 
a concentration gradient 


which may be represented by 
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,) is the concentration 
from the 
interfacial surface and c,, the saturation 


vhere u (cr, Cc 
of oxygen at a distance y¥ 
value of oxygen in water, corresponding 
to the partial pressure of the oxygen in 
the air bubble (The value represented 
by the relative concentration gradient 
vy will be discussed later. ) 

The quantity of diffused matter is 
proportional to the area of the surface 
which diffusion takes place, 
to the concentration gradient and to the 


through 


time, and is further determined by the 
alue of the diffusion constant The 
amount of oxygen passing into solution 


during ascent of the air bubble may 


therefore be formulated as: 
() Akyx (ce; cyl 


However, in the case considered, the 


diffusion of oxygen from air in water 
this relation is not unreservedly correct 
It only holds good when the same con 
centration gradient prevails both above 
and below the through 
which diffusion takes place. With a 
in the mono- 
boundary layer, this condi- 
tion is not fulfilled. 


Q 2Akx (cr 


cross-section 


constant concentration ¢c,, 


: 
molecular 


cyt (5) 


agreement with Stefan’s for- 
3) (4). Accordingly the condi- 
for an interfacial surface at 
the 


in full 
mulae 
tions rest 
expressed in 
kt 
Ve 
a 
oelaN 


ng can be deduced from Kg 5 


one case by 


and in the other by 


For ¢, 0, the fol- 


Q 2Akyx V Comm t 


b 


dVo, Ak 
: 2a 

Vo Vif 

In Vo h In (] 


X Catm at 


V an) 
Ak 


” . 4 
“Tr X Catm l (6) 
J b Ei 


If the dimensions of the air bubble 
{ and V,) are known and also the 
height of the water column h and the 
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h/v), the value 
of h’ can be determined by means of 


velocity of ascent v (t 
iq. 4 and the value of x by means of 
Eq. 6, if Va 
periment 
From Eqs 


has been found by ex- 


t and 6 


] 
Varkt 


value x in Eq. 5 is in 


The 


versely proportional to the square root 


lact in 


of the “time of existence of the hy- 
potheti al surface at rest’”’ but of course 
not show 


the time f 


does any proportionality to 


Experimental Work* 


The 


nto 


that 
bubble during 


amount of oxygen PASSES 
olution from an ai 
its ascent 
if the 


remain 


column h, 
the 
constantly equal to zero, can 


through a water 
oxygen content ol wate! 
be determined by means of Eqs. 4 and 6, 
respec tively, if the values of Cou, f and 
k are known together with the dimen 
the bubble 
calculable), the 
and the value h’ or x 


which 
velocity of 


sions of (from 


A V, Is 


ascent 1 


air 


as the 
case be. These data are known 
or determinable, with the exception of 


h’ or x 


may 


The oxygenation capacity, which can 
be determined for an aeration plant in 
practice or for an experimental setup 
in the laboratory, gives the velocity at 
which the oxygen drawn from the ai 
supply becomes dissolved in the water, 
expressed in grams of oxygen per hour 
per cubic meter, assuming the oxygen 
the 
stantly equal to zero. If steps also are 
taken to the velocity at 
which the oxygen in the air is passed 


content of water to remain con- 


determine 


through the water, the ratio of the two 
will give the percentage of 
oxygen that would become bound in the 
the content of the 
water had invariably been zero. In 
other words, this ratio will give the 


velocities 


water if oxygen 


* For 


used in the « 


widitional information on the methods 


xperimental work, see reference (8) 
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cm tec, cmlsec. 
0,545 24.5 
2,18 23,6 
19 25,1 
5.8 25,7 
7.6 26,0 
9.5 , 26,3 
1,8 . 26,4 
4,5 76,5 
17,3 26.6 
19.6 26.8 








LONG AXIS OF AIR BUBBLE, cm. 


FIGURE 2. 


distribution of sizes, photographs of the 
taken with an ex- 
time of 1/5,000 see. The 
bubble movement during the exposure 


air bubbles were 


posure 
time may therefore be ignored. Steps 
were taken to insure, as far as possible, 
that the rate of air supply at the time 
of taking these photographs was 20, 40, 
60 and 80 ml 
rhe pictures obtained were enlarged 


per min., respectively. 


12.5 times by projecting on a screen, 
and the dimensions of the long and 
hort axes of the air bubbles were 
measured 

lor the purpose of calculation of the 
surface area and cubic contents of the 


air bubble it was assumed the bubbles 


have the form of an ellipsoid obtained 
I 


y rotating the ellipse about its short 


Velocity of Ascent 


the velocity 
of ascent photographs were taken with 
an exposure time of 1/10 or 1 
and at the commencement of this time 
interval an additional strong exposure 
with the flash 


For determination of 


25 sec 
20 8€C., 


was made electronic 


Curve for the velocity of ascent of air bubbles of different sizes. 


light during 1/5,000 sec. (Figure 1) 
A measurement was made of the ver- 
tical projection of the distance covered, 
and the \ 
per second was caleulated. In order to 
this the 
times used must be accurately known 


elocity of ascent in centimeters 


permit calculation exposure 


Ixposure times were determined by 


taking a series of photographs of a 


rotating disk or beam driven by a 
synchronous motor, using the exposure 
the 


of the distance covered during 


time to be determined. From 
picture 
the exposure time by a point on the 
circumference of the rotating disk and 
from the known linear peripheral ve 
calculation of the ex- 
The 
iation for a series of seven 
photographs was 0.0004 sec. The re- 
sults of the the 
velocity of ascent of nearly 1,000 air 


locity, an exact 


posure time could: be made 


standard dey 
determinations of 
bubbles are shown in Figure 2 


Oxygen Solubility 


The percentage by volume of oxygen 


that has passed into solution from the 
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FIGURE 3.—-Schematic diagram of the laboratory unit for 
oxygenation capacity determinations. 
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Calculation: every case slight; accordingly, the tem- 
perature of the air throughout the ex- 


The equation is Oxygenation Capac- ‘ 
ae a | periments has been taken as 20° C, 


ity OC. at 10° CG. 
oO” l 


| c = G ky ’ Hence Va — 
25.9 — log . 1451 
—s) Bc. c, N ky 
0.0499 
60 8.76 > are 
5 log 876 F 4g, 0-336 = 5.0 per cent. 
227.8 g./hr./cu. m Results 


Then the calculation for Oxygenation Using the porous air diffusers G, to 

Cap. at 20° C. is Gy, deter.uinations of the Vw values 

were carried out with water column 

Cis 20°C. fhe heights ranging from 20 to 300 em 

cr, 10° C. \ kyo With the V.~ values obtained and the 

0.975 X 227.8 g./hr./cu. m results of the determinations of the 

222.1 g./hr./cu. m dimensions of the air bubbles ( 4 ) 

b 

The amount of oxygen passed and the velocity of ascent (v), the values 

through the water column in air during of x and h’ were calculated by means of 

the experiment is qs. 4 and 6 or Eq. 7. The results are 
10° given in Tables I, II, III and IV. 

60 X 86.5 X 10-* X a These results show that during the 

Gav ascent of the air bubble through a 

273 water column a considerable renewal 


O.C. j0° 


X 0.21 K 1.429 X 293 of surface occurs. Speaking in terms 


of the concept used in the previous 
1451 g. of oxygen per hour per cubic theoretical 
meter of water 


discussion, the interfacial 
surface at rest around the air bubble 


ry’ . ‘ Pan » ° ‘ ¢ . 
The deviation from 20° C. was in after every } to 4 em. of travel is re- 


placed by a new interfacial surface at 


k 
* Values for \ ; are available for tempera 


rest. This means that when an air 
tures of 9° C. to 24° C., see reference (5) bubble has traversed a column height 


TABLE I.—-Values of x and h’ Computed From Experimental V,, Values Estimated 
by Oxygenation Capacity Determinations; Air Diffuser G, 


erage long @xis (em 
1/Ve (em 


20 0.252 f 3 gf 0.177 

10 0.334 : 4 0.234 

70 0.396 25! i 23° 0.278 

100 0.285 OF 1.45% 0.200 

145 0.351 ms ; 0.246 

200 | 0.461 ) NY 0.381 

300 0.740 7 3 0.518 

Ty in em. , 
tA’ in em. 





Values of x and h’ Computed From Experimental V.,, Values Estimated 
by Oxygenation Capacity Determinations; Air Diffuser G 


TABLE III. Values of x and h’ Compu m Experimental V,, Values Estimate 
by Oxygenation Capacity Determinations; Air Diffuser G 
K j 


O.604 


TABLE IV.--Values of x and h’ Computed From Experimental V,, Values Estimate 
by Oxygenation Capacity Determinations; Air Diffuser G, 


0.6253 


O.410 
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interfacial 
thousand 


three meters “a new 


at rest is formed a 
times over.”’ 

In the case of smaller air bubbles the 
the interfacial 
less. However, 


of renewal of 
seems to be 


the trans- 


h 


ie 
the high value of 


owing to 
fer of oxygen is naturally far more rapid 


than in the ease of the larger air 


bubbles 
With a 


OOS em or 


bubbles of approximately 
the 
l—wu 


more in diameter, 


relative concentration gradient x 

/ 
1.300 em 
Che manner in which the concentra- 
at the 
varies with time and what con- 


has a value of about 


tion gradient “interfacial surface 
it rest’”’ 
gradient is represented by 


( will be 
alue of x is of 


eentration 
discussed later 


ind the corresponding value for h’ can 


primary concern 


be determined with the use of Eq. 7 


Agreement of Experimental Results 


\fter these preliminary observations 
on the intensity of renewal of the inter- 
a close study should be 
made of the results of the tables In- 

d, if theo- 

al deduction are strictly applicable, 


facial surface 


the formulae found by 


values for x and h’ should be con 


at given values for and 


b 


this is not the case The values 


x are greatest at a small height of 
(20 em.), after which 


or less constant from 40 


vater column 

they are more 

0 150 em., and are definitely lower for 
vater column of 200 and 300 em 

V alu 


Hliah in a Shallow Water Column 


The the 
moment of introducing the air at the 
bottom of the are differ- 
ent from those in the rest of the column ; 


conditions of aeration at 
water column 


a more rapid transfer of 
at the bottom 


there being 


Moreover, ad 


xvgen 
tional aeration at the surface of the 


ater column has more effect in the 
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shallow water column than in higher 
water columns 

From this it follows that for a small 
height of the water column, the value 
found for V 
higher 
tand 6 


may be expected to be 
somewhat than is indicated by 
qs 
Values 


Lou in a Deep Water Column 


The lower values of V., and hence 
for x in the case of water columns of 200 
and 300 em. demand more attention 
lor the two types of air diffuser G, and 
(; th cal- 
culated from the V,, determinations at 
water column heights of 40, 70, 100 and 
145 em. for the various air supply rates 


Table \ 


average value of y was 


TABLE V. Average Values of x 


of air diffuser Gs, it ha 
that air supply 
per min. x 879 cm.~! 
air diffuser Gy at 


550 em 


In the case 
sumed for an 
rate of 20 ml 
while in 


thi 


been a 


the case of 
ame rate x ' has been 
assumed 

With the aid of these average value 
for the 
percentage by volume of oxygen from 
bubble that has passed into 
solution after a height h (h up to 300 
supply 
of 20 ml. per min. are shown in Figure 4 
The results of 


terminations of the Vy value are also 


for x, curves were calculated 


the ai 


cm Curves for an alr rate 


the experimental de 


The graphs and experimental 
V4 data for air supply rates of 40, 60 
and 80 ml 
they are similar 

It is evident that the Via 
as calculated from the determination: 


shown 
per min. are omitted because 


value of 


of the oxygenation capacity follows a 
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Theoretical curves for the solution of oxygen from air bubbles 


and results of experimental investigations. 


trend corresponding to Eqs. 4 and 6 up 
150 em 
height the values found are 
After 


earch the cause of the deviation 


to a column height of about 
Above thi 
considerably lowet consider 
able res 
from the theoretical line was found in 
all probability to be arithmetic 

» in thi 
found 


aeration in a 


For the saturation value c, 


formula, the saturation value 
sufficiently long 


water column of the respective height 


alter 


is used with any necessary correction 


for the difference in 


is certain, however, 


temperature, It 
that this saturation 
During 
in water of low 


value is not the correct one 
uscent of the air bubble 
oxygen content, the partial tension of 
the oxygen in the air bubble decreases, 
as a result the “saturation value” of the 
This 


is important for greater heights of the 


inter facial urface also decreases. 


has dis- 
The 


capacity 


column if the 
olved Lo 
results of the 


vater oxygen 
u considerable extent 


oxygenation 
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determinations may then be expected 
to be too low 

It is important both for the theory 
of oxygenation and for its practical 
application to obtain as clear an insight 
as possible into the validity of the 
formula found by theoretical deduction. 
Steps taken to determine Va 
directly by collecting the air bubbles 
after they have traversed a water 
column of a certain height and by 
carrying out a volumetric determina- 
tion of the oxygen in the air. 


were 


TER 
COLUMN 
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Direct Volumetric Analysis of the Air 


In carrying out this research the 
water column and the installations for 
water and air supply were used as 
shown in Figure 3. The upper part of 
the water column and the correspond- 
ing installation for determination of the 
oxygen content of the air collected are 
shown schematically in Figure 5. 

After passage of the air through the 
water column (usually about 10 ml. in 
one-half minute) a certain quantity 


AIR COLLECTED 


CAPILLARY TUBES 











CAPILLARY 
STOPCOCKS 


MICROBURETTE 




















FIGURE 5. 


A 


Schematic diagram of the laboratory unit for the collection and analysis 
of air that has passed the water column. 
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decrease in volume wa 


method of calculating 


hown 


xperimental example 


ermination 1 


W he n 


nece 


the « 
know 


oxygen in t! 


mak ing 
to 


Exampl 
t ary 
ercentage ol 
purpose use wa 
of four determinations wit! 
The re 
20.1 and 
20.0 


erage 


micrometric ga hurette 


OQ 2OO 


LVEeTUgINg 


per 


lume I} 


x00) 
18.1° ¢ 


1600 1 


1158 


from wht it follows that V 18.5 


per cent 


This calculation is not altogethe 


correct mathem tically, but itis ata 


approximation A deviation ome 
hig 
water column and a high value of | 

Che 


too low 


importance occurs only with a 


resuit then a small 


percentags 


made of 


20.0 


cent 


Oct 1955 


ber, 


The mathematically correct calcula 


tion 18 


0.84 


in 


This equation, in the 
experimental example, gives Va 50 


tead ol | 


mathematically 


the case of 


ner 


per cent in 


he 


18.5 per cent 
correct calcula 


ion Va 


hie ight ; Ol 


employed for water column 
200 and 300 em 
ur diffuser Gy 


thi 


maller 


while in 
vith which 
gher calculation was 


heights of the 


is much h 


! 
oempioyeda 


vater column 
The direct 
the 


rmination in 


Var by 
volumetric oxygen de- 
the air collected 
carried out only for the air 
ml min Che 
Figure 4 t 

ilues of Vy as determined by 

method i 


determination of 
ans ol 
was 
upply rate 
results 


per are 


may be seen 
in the case of an 
coincide wit 


to 


ffu curve 
The 
the 
the 


capacity 18 


according 
200 and 
alues of Va, as 
established ox 


due actually to the incorrect 


calculated 


deviation at 300 cm. In 


calculated from 
ygenation 
aturation 
value in the calculation 


of 


direct 


the case 
the 
situated 


furthermore, in 
diffuser G 


air 
the values of 
values are 

This is due 
upply rate during these deter- 
ult the 
bubbles 


determined at 


determined Vy 


above the to a 
low alr 


curve 

mination a a re average 
less 
the 
the 
curve does agree with 


diameter of the air 


the di 
20 ml. per 


was 
than ameter 


min. rate However, 
direction of the 
that of the curve found by calculation 

In the case of air diffusers Gs and Gy, 
the values found by direct determina- 


tion differ somewhat from those of the 





RESEARCH 


TABLE VI. 


0.06 0.060 
0.076 0.076 
0.120 115 
0.147 | 128 
0.169 | 145 
0.182 156 
0.154 134 
0.186 5 
0.184 
O.178 
0.29 
0.62 


0.004 
O.119 
0.18] 
0.201 
0.228 
0.245 
0.210 
0.248 
0.247 
0.240 
0.267 


This 
is possibly due to the fact that with 
these air diffusers 
bubbles is 


curve established by calculation 


the mixture of air 
dissimilar with respect to 
the value x. In the case of air diffuser 
G, the value of x for the majority of 
the air bubbles is equal to 1,100 to 1,300 
em.-'. For air diffusers, G; and Gy, 
this value ranges from probably less 
than 300 to about 1,300 ¢m.~'. There- 
the calculation drawn up for a 
volumetrically determined average di- 


iore 


ameter may not be correct. 

this point has 
been carried out with air bubbles up to 
a diameter of 0.2 cm. The bubbles 
used in practice in the activated sludge 


proce are 


Che research up to 


larger. sy way of con- 


firmation that the transfer of oxygen 


follo the 


curve 


the theoretical 


a further series of determinations 


trend of 
is made with larger air bubbles, using 
Brandol air diffuser and a porcelain 
late with 


lameter 


apertures of 0.05 em. in 
The value of x found with 


these larger air 


bubbles (average long 
0.29 em. and 0.62 em., respectively) 

approximately the same (x 1,176 
and 1,318 em as with air bubbles of 
from 0.10 to 0.2 em. in diameter 


V alidity of the Theoretical Curve 


Disregarding the comparatively small 
ation in the case of the smallest 
bubbles (diameter than 0.1 
, the dissolution of oxygen from an 


less 
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Contact Times Computed From Laminary Flow and From > 


O.O009 
0.0089 
0.0072 
0 OO78 
0.0086 
0.0002 
0.0080 
0.0093 
0.0093 
0.0001 
0.0105 
0.0195 


0.0526 
0.0206 
0.0107 
0.0104 
0.0081 
0.0076 
0.0129 
0.0087 
0.0089 
0.0095 
0.0002 
0.0092 


ascending air bubble into water of low 
oxygen content follows exactly the same 
trend as the curve found by theoretical 


deduction 


The “Hypothetical Interfacial Surface 
at Rest’’ 


From the mean value found for x it 
is possible, the Eq. 7, 
to calculate a mean time of existence 


with aid of 
of the “hypothetical interfacial surface 
at rest” (t’) 
ments with a certain average diameter 
of the air bubble 

If the 


for each series of experi- 


water passing the air bubble 
umed to cover a distance equal 
where d is the short axis of the 
air bubble, it follows that the time of 


contact of the water with the air bubble 
} 


to wil 


s wd 


1 
‘J he ( 


show n in 


values and the values for t’ are 

Table VI For air bubbles 
with diameters of 1 to 3 mm. the times 
of contact as calculated in both ways 
are practically 
both cases to approximately 0.01 see 
values 0.0087 and 0.0095 sec.) 
O.6 
l’ calculated from y is shorter 

i 


equal, amounting in 


mean 
kor 


em. the 


larger air bubbles of about 


than that lor 


caleulated from 
t 


bubbles there are far 
more pronounced deformations during 


these larger air 


ascent, and the motion is also irregular 





14 SEWAGE A) 


that 
the renewal of the inter 


Moreover 1b 1 probable 


these bubble 


facial 


uriace all part 


small air 


not equal at 
of the irtace or 


bubbles 


j 
» wd 


very 
| 
considerably greater than 


better not to attach 


! 
conclusions to this, but to 
result of determinations of x 
bubbles of un 

The close agreement, in the cas 


il! bubble ol 


form size 
| to 3 mm. in diamet« 
between the “time of existence of the 
hypothetical interfacial surface at rest 
t’, and the time of contact as calculated 
from the measurement of the air bubble 
und the elocity of ascent, make in 
mportant cone lusion po sible 

The fact is that this agreement 
possible only if, during the flow of 
vater past the air bubble, the boundary 

are actually at rest 

flow past the 
turbulence If 

fulfilled there 


intake of oxygen 


This mean 


vater must bubble 


ithout this condition 


vere not would 


greater 


due to the 


greater concentration gradient and 


hence lU’ would be shorter This mean 


that the hypothesis postulated at the 


outset, concerning the replacement of 
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an interfacial surface at rest by another 
interfacial surface at rest after a time 


t’ and a distance h’ is found to agree 
th reality 
The only 


pothe I the 


difference is in the hy- 
ariation of the boundary 
layer is considered to be discontinuous 
reality the 


tinuous one 


and in variation is a con- 
his makes no difference 
in the result, for in both cases all the 
bubble has 


passed through a time of contact with 


vater flowing past the air 
the air equal to t’ 
that the 


ascend through the water 


rhe position is, therefore, 
ur bubbles 
vithout a film of water molecules In 
the case of air bubbles up to 3 mm. in 


diameter the water does not become 


turbulent as long as the air bubble is in 
contact with it. The amount of oxygen 
passing into solution during the time of 
Fick’s 


Stefan’s formula). 


contact can be calculated from 
law of diffusion 

It i ible to form an exact idea 
of the gradient at the 
bubble 


Chis gradient follows the same trend as 


concentration 
interfacial surface of the air 
with a 


sec, In 


in an interfacial surface at rest 
0.009 
Figure 6 the concentration gradient has 


time of contact of 








DEPTH IN /* 


FIGURE 6.—-The concentration gradient in the surface layers after short contact times. 
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been plotted for a contact time of 
0.001, 0.003, 0.006 and 0.009 see. 

In the large air bubbles 
ascending in a narrow tube the water 
flows practically without turbulence 
past the air bubble and naturally has 
a much longer time of contact (6) 


case of 


Relative Concentration Gradient 


further 
reference is made to Eqs. 5 and 7. 
What concentration gradient is repre- 
sented by x in these expressions? 

In the case of t/ = 0.01 sec., it is 
possible by means of Eq. 7, to deduce 
a value for x of 1262 cm.~'. Now the 


In view of the foregoing, 


equation 


y v 
Cc cr (1 - f ew ay) (9) 
Vr Jo 


in which y = 5 , gives the concen- 
“ vkt 


tration ¢ at a depth z below the inter- 
facial surface afteratimet. The value 
of the expression 


9 v 
( l f ev iy) 
Var Jo 


can be found from tables (7). 

With the aid of these tables it may be 
calculated that in water at rest (c, 0) 
at the time t 0.01 sec. the concentra- 
tion 0.95 e¢,, is found at a depth below 
the surface z = 0.39664. In the water 
layers directly adjacent to the boundary 
surface the concentration gradient at 
time t = 0.01 is then: 


Cle 0.95 cr, 


. x Cle 
0.3966 * 10 


1,261 em 


XCLs 


This is the same value found above for 
¥ by Eq. wi 

The relative concentration gradient 
represented by x in Eqs. 5, 6, and 7 is 
found (in the case of air bubbles of 1 
to 3 mm.) to be the relative concentra- 
tion gradient occurring in water flowing 
without turbulence past the air bubble 


in the layers directly below the inter- 
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facial surface at the moment the contact 
with the air bubble has just ceased to 
exist 


Liquid Film Coefficient 
A comparison between the equation 


Q=2Akx (cr cy) 
and 


Q A Ky, (cr, cy) (1) 


gives for the liquid film coefficient the 
value K,, where 


K, =2kx LA 
rh’ 


The Eq. 10 makes it possible in 
principle to caleulate y from the liquid 
film coefficient found by previous in- 
vestigations. However, this will need 
to be done in a cautious manner, be- 


(10) 


cause, as has already been shown, the 
Cre, especially for small air bubbles, is 
a variable during ascent of the air 
bubble and cannot be determined or 
calculated in a simple manner. The 
values found for the liquid film coeffi- 
cient K, sometimes will be incorrect 
on this account 


Conclusions 


1. The “liquid film theory” for the 
dissolving of gases in liquids gives an 
erroneous idea of what happens in the 
boundary layers 
conclusions 


It leads to incorrect 


2. The “resistance” in the boundary 
is not caused by a “stagnant film,”’ 
but follows from the fact that the rate 
of the diffusion process is inversely 
proportional to the square root of the 
time of contact 

3. Two equations there have been 
derived from which the quantity of 
oxygen, which goes into solution from 
an air bubble can be computed, if the 
bubble size and velocity of ascent are 
known and a magnitude, dependent on 
the rate of surface renewal, has been 
determined. The dissolving of the 
oxygen follows the theoretical curve 

4. When an 


air bubble ascends in 
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TRANSFORMATION AND EFFECTS OF REDUCED 
SULFUR COMPOUNDS IN SLUDGE DIGESTION * 


By Dona.p B. 


Department of Sanitation, R 


Many studies have been done to de 
termine if a particular waste can be 


treated by digestion In most cases the 


; 


lies consist of taking a sample of 


the waste, mixing it with various 
amounts of sewage sludge, and deter 
mining the degree of digestion 

to deter 


a particular com 


Less study has been done 
the effect of 


pound upon digestion 


Tri liie 
Information of 
this nature would be desirable for pre 
paring a list of substances which inter 
fere with digestion, together with the 
approximate concentration at which in 
the 


ised to overcome the interference 


tert methods 
One 


need then to analyze the 


erence begins, and 
would only 
particular waste in question for these 
idea 
the 


order to obtain an 
feasibility of 


substances in 
of the digestion of 
waste 

Of all the sulfur compounds present 
in sewage and industrial wastes, sulfide 
the for 


reasons is a common 


most attention 
Sulfide 


many 


has received 
Various 
form of which 

Ox- 


forms of sulfur are reduced to 


sulfur in wastes 


receive treatment by digestion. 
1dized 
ilfide during digestion Moreover, 
sulfide has definitely been shown to in 
terfere with the digestion process 
the first 

the effects 
the reduced sulfur compounds in sew 
without the 
effects were 
sulfur 


(1) 


stagnant effluents retarded diges 


Some of experiments per 


taining to on digestion of 


sludge were made 
that 
the 


present 


these 


KNOW ledge 


( aused by reduced eom 


pounds 


that 


Favre showed 


* Paper of the Journal Series, New Jers 


Agricultural Experiment Station 


AULENBACH AND H 


ifgers 


HBUKELEKIAN 


Unive i Vew Brun wick, N J 


Keigle (2 
greatly 
when the sewage became septic. 
that total 
with increasing 


tion, and Guth and noted 


that reduced 


Las 


enzymes were 


kelekian ) observed 


yields vere reduced 
period s of 


The 


tic sewaue 


septicization., 

retardation of digestion by sep 
correlated to the 
Rudolfs and 
that thiosul 


fates produced sulfides at a greater rate 


Was Soon 


presence of sulfides 
Baumgartner (4) found 
than sulfites and sulfates. In working 
with si 


pounds 


sulfur 
that 
sulfur compounds 


veral inorganic com 


Lassen (5) showed 
the 


tendency 


gen 
erally had a 
to increase liquefaction, but 
and wasifica 


retarded mineralization 


tion. Similar conclusions were reached 
from experiments on the digestion of 
the 
sodium and calcium acetate by 
Manten 


strawboard wastes and fermenta 


tion of 
Noordam-Goedewagen, and 
Muller (6 
Studies of the digestion of white 
Rudolfs and Amberg (7 
ed that the reduction of sulfate to 


sulfide re 


water by 
show 
ulted in interference with di 
The 200 
added as sodium sulfide almost 
inhibited the 


water, whereas 


gestion presence ol p.p.m 
sulfide 
digestion of 
the 


sulfide had a greater effeet 


completely 
the white sane 
amount ol 
rmentation of sodium acetate 

The effect of 
on acid production and methane 


on the ft 
substrate differential 
sulfide 
accumula 


fermentation results in 


volatile 


an 
tion of acids 

‘| his 
of the 


with 
effects of 


sulfur compounds upon sewage sludge 


paper is concerned some 


transformations and 


digestion 
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sformat 
or various concentratior 
b) the effects of 
sulfide; (e) the ef 
sulfide salts 


methionin 


variou 
itions of 
various and 
of eystine and 
ries, the results 


were con 


pared with a control containing n 
added compound 
The budge used 


of equal amounts of 


consisted as near! 
volat 

fresh and the 
ludge. A 1.5] 


was placed in a 


ripe eed 
portion of the 
bottle 


sludge 
connected to a 
gasometer to mea the volume 

The gas 


aturated with 


sure 


gas prod was colle 


over water sodium chlo 


ride so that qualitative and quantita 


analyses of the gas could be mad 


Digestior 


least v6 day 


tive 
were continued for 


during which periodi 


for solids, ash, pH 
total sulfide in the 
experiment to det 


added 


ialyses included sulfate 


analyse s were made 
volatile acids and 
sludge In the 


mine he transformation of 
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FIGURE 1.—Changes in sulfite content 
with the addition of various concentrations 
of sulfite to a digestion mixture of fresh 
solids and ripe sludge 


and total sulfur Or 


caleulated as the 


and the 
analyses 


was 
veen total sulfur 
inorganic sulfur 
lume of 


tested 


en arbon a le 0 yustibles and 


gas produced was mea 


ired and periodically for oxy 


arog 
All the re pe rformed 
: volumes of vas recorded 


this temperature and 


not corrected tandard temperaturs 
and pres <xcept where 


n the experime1 with the 


specified 
various sul 


des, all sulf 


mn the 


hottles were 


i ur compounds reported 
samplin 
before 


bottles 


basis of sulfur 


shaken 


and the 


thoroughly 


sample s were removed, 
connecter to the 


before gas 


rasometers wert 


haken measurements were 


made 
Transformation and Effects 
of Sulfite 


The sodium sulfite 
for this experiment were 00, 


Os chosen 
100, 150 
basis of 


vdditie 
200 and 250 p.p.m. on the 
ilfur 
The 
revealed 
show the 


contents, 


transformation of the sulfite is 
best by Figures 1, 2 and 3 
thiosulfate, 


respectively, of the 


which sulfite and 
sulfide 
ludges during dige 
icates that the initial recoveries of 
sulfite were low. Also, the greater the 
initial sulfite concentration, the 
it disappeared, All the 
peared by the 
not found in the 


although 


stion. Figure 1 in 


slower 
sulfite disap- 
Sulfite 


time 


seventh day was 


control at any 
a small amount of thiosulfat« 
Figure 2 Thio 


first 


vas alway 
sulfate 


three day 


5 present 
one to 
sed to about 


increased for the 
n decrea 
in the control within 
10 days for all sulfite 
The 
and the 


s and the 
the same value as 
about concentra 
tions amount of thiosi 
ent length of 
are directly proportional to the initial 
sulfite 

The 


igure 


ilfate pres 
time it remains 
concentration, 

concentration shown in 
there 


sulfide 


3 reveals that was a con 


tinual increase in the sulfide content 
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FIGURE 2.—Changes in thiosulfate con- 
tent with the addition of various concen- 
trations of sulfite to a digestion mixture of 
fresh solids and ripe sludge. 


of the control, whereas the sulfide con 
tent with the added sulfite 
during the early part of the digestion, 
The 
increase in sulfide with the addition of 
p.p.m. sulfite 
greater than the control at 
the end of the experiment 


increased 
but then reached a constant level 


en 200 was less than 


L100 p.p.-m 


Figure 4 compares the various forms 
of sulfur compounds obtained with the 


addition of 250 p.p.m. of sulfite. As 


the sulfite disappears, the thiosulfate 
then, with continuing diges- 
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FIGURE 3.—Changes in sulfide content 
with the addition of various concentrations 
of sulfite to a digestion mixture of fresh 
solids and ripe sludge. 
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FIGURE 4.—Changes in the various 
forms of sulfur compounds with the addi- 
tion of 250 p.p.m. of sulfite. (A) thiosul- 
fate in control; (B) sulfite with sulfite ad- 
dition; (C) thiosulfate with sulfite addition; 
(D) sulfide in control; (E) sulfide with 
sulfite addition. 


tion, the thiosulfate disappears with a 
corresponding increase in the sulfide 
This indicates that thiosulfate is a de- 
the 
tion of sulfite to sulfide during sewage 


terminable intermediate in redue 
sludge digestion 
At no time during the experiment 
there 
sulfate 
The 


sludge 


was any significant amount of 
present in any of the samples 
effects of 


digestion are shown by the eu 


the added sulfite on 


mulative gas production in Figure 5 
sulfite 


im 


| 


The addition of only 50 p.p.m 
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50 PPM SO, s 
100 

is0 * 

200 * 
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FIGURE 5.—Effect of the addition of 
various concentrations of sulfite on gas 
production. 
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TABLE I.—Digestion of Sludge for 73 Days with Various Sulfite Concentrations 
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ns there was also a lag in the start 
This indicates it is the 
that 
since at the beginning of di 
reduced to 


rasineation 


ilfite itself interferes with gasi 
cation 
stion, the sulfite was not 
hiosulfate and sulfide 

rhe presence of sulfite has some ef- 
feet on the solids reduction: however, 
it has a greater effect on the volatile 
matter reduction. 

The lack of 
rapid drop in pH 
of oJ sulfite 


being 


the 


presence 


gasification and 
with the 

indicate volatile 
produced, but not 
Although volatile acids were 


p.p.m 
acids were 
utilized 
not determined throughout the experi 
ment, the lowering of the pH is a 
good indication of the volatile 
content Therefore, 50 
with 
llowever, with sulfite additions greater 
than 100 p.p.m. the pH was lowered 


acids 
p p.m sulfite 
gasification. 


interferes only 


more slowly, indicating volatile acids 


vere produced more slowly Since 
(there was 
they tended to build 
indicated by the 
slowly decreasing pH throughout the 
experiment. The slightly lower final 
olatile with the 


addition of sulfite also 


the acids were not utilized 
no gasification 


up gradually as 


acids concentration 
290) p.p.m 


nows 


there was less volatile acids pro- 


luetion at this sulfite concentration 


Effects of Various Concentrations of 
Soluble Sulfide 
Since it 


thiosulfate 


was shown that sulfite and 
reduced to sulfide, it 
vas considered desirable to study the 


are 
fects of sulfide upon sewage sludge 
ligestion 
Fifty, 100, 150, 200 and 250 p.p.m 
sulfur as sodium sulfide was added to 
nixtures of 
The 
same sludge mixture contain 
added sulfide. this 
compound is highly alkaline, it was 
first dissolved in a minimum of 


fresh solids and ripe 
ludge, 


vith the 


ny no 


results were compared 


Because 
water 


and then neutralized with 1 
The total 


] hydro 


chlorie acid. sulfur in the 
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FIGURE 6.—Volatile acid production in 
digesting sludge mixtures with the addition 
of various concentrations of sulfide. 


sludge was and the in 


in the 


determined, 
crease total sulfur was taken as 
an indication of the actual sulfide ad 
By this method of calculation 
the actual 
respectively, 45, 56, 
W hereas, 
not absolutely accurate, they are con 
to be Neverthe 


values for the ad 


dition 
additions 
102, 127 


these values are 


sulfide were, 

and 
SU p.p.m 
sidered more correct 
less, th 
ditions are 
tables 


theoretical 
used for all the figures and 


The production of volatile acids with 
the 


in Figure 6. 


various sulfide additions is shown 
There little differ 
between the the ad 
dition of 050 sample 
With gre the 


rate of Was 


was 


ence control and 


p.p.m, sulfide 
ater additions of sulfide, 


volatile acids production 
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Digestion of Sludge for 56 Days with Various Sulfide Concentrations 


After 3 un tr and the volatile matter reduction 
volatil dd ' considerably less than in the 
ontrol With all sulfide additions 

the effects » sul rreater than 50 p.p.m., the pH reached 
umulative gas ocd 0 the same low value, the lowest 
here was no significant 2.4. However, the greater the 
vyeen the control and the ilfide addition, the later the lowest 
1) p.p.m. sulfide Ilow occurred and the slower was the 
tion of 100 p.p.m. re recovery Similarly, the greater the 


production to one-half ilfide additions the greater the vola 


control Greater sulfid ile acids concentration, which was 


tited in the produ tion ol reached later and recovered slower. 


but the addition of even he results of this experiment show 
| not completely inhibi he limit of neutral soluble sulfide that 
in be tolerated in sewage sludge di 
of the gas produced — gestion between 50 and 100 p.p.m 
nificant amount of hy The sulfide appears to interfere with 
present at any tim igestion by inhibiting utilization of 
ion, the ratio of combu olatile acids which accumulate and 
bon dioxide continuall are not gasified Apparently there is 
ng methane was pro i slow utilization of volatile acids as 
mall amount of gi ey slowly disappeared on continuing 
ver, this increase wa ligestion. There appears to be no in 
ater sulfide addition terference WwW volatile acid produe 
the results of the di tion in the range of sulfide studied 
n in Table II it Ihe ilfide decreases the liq ieTaction 
ddition of 50 p.p.m. sul of the solid a small extent, and 
effect on digestion when nterferes to a greater extent with the 
h the control. However, reduction of volatile matter 
100 p.p.m. and higher 
ulfide affected the 
ater additions re 
f gas per gram of The previous experiment to deter 
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r added, The solids were ine the effects of various coneentra 


much a n the cor mn sulfide was performed witl 
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sul- 
Since sulfide may be present in 


neutral soluble sulfide as sodium 
fide 
many 


ferent 


other forms in a digester, dif- 
sulfides added in their 
neutralization. 
used were hydrogen 
sulfide, ferrous sulfide, 
calcium sulfide, ammonium sulfide and 
sodium sulfide. 
with a 


were 


normal state without 


The 


sulfide, 


sulfides 
ferric 


The results were com- 
pared control 
added sulfide The 
sulfide to be added 
neutralized sodium 


containing no 
concentration of 
the 
sulfide 
shown to interfere markedly with the 
digestion On this sulfide 
concentration of about 150 p.p.m. was 
used, which is roughly equivalent to 
400 per |. of sodium sulfide. 
Therefore, a total of 400 p.p.m. of each 
of the sulfide salts was added to the 
sludge for digestion 

The hydrogen sulfide added to the 
mixture of the sludges was prepared 
by bubbling the gas through distilled 
water and then standardizing the solu 


was based on 
amount of 


basis, a 


mg. 


tion. The actual sulfide concentration 
added to the sludge was 377 p.p.m. 
The ferric sulfide was prepared by 
mixing equivalent amounts of ferric 
chloride and sodium sulfide; keeping 
the resulting colloidal sol under alka- 
line was stand- 


and resulted 


This sol 
wet state, 


conditions 


ardized in the 
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FIGURE 8.—Volatile acid production in 
digesting sludge mixtures with the addition 
of different salts of sulfide. 
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FIGURE 9.—Effect of different salts of 
sulfide on gas production. 


sulfide addition to the 
sludge of 185 p.p.m, 

Both the and the caleium 
sulfides were added as the anhydrous 


powder 


in an actual 


ferrous 


Their respective sulfide ad 
ditions to the sludge were 146 and 178 
p.p.m 

The ammonium sulfide was added as 
a liquid, and the sodium sulfide was 
added as the hexahydrate; producing 
sulfide additions to the sludge of 188 
and 164 p.p.m., 


The effects of the various sulfides on 


respectively. 


the volatile acids production are shown 
in Figure 8. There was no difference 
between the control, and the ferrie and 
the ferrous sulfides. For these three, 
the highest volatile acids value occurred 
in the initial mixture, and the concen- 
tration dropped rapidly to a negligible 
value, The calcium sulfide showed a 
slight increase in volatile acids, but 
these dropped to the level of the con- 
trol by the 15th day. The sodium sul 
fide produced the next highest maxi 
mum, but 


than the amount formed in the experi- 


this was considerably less 
ment in which the sodium sulfide was 
neutralized. Within 22 days the con 
centration also reached that of the con 
trol reached 
a still higher concentration of volatile 
but returned to the 
of the control by the 45th day. 
greatest 


The ammonium sulfide 


acids this value 
The 
was produced 


with the hydrogen sulfide, and this was 


concentration 
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The 


ment 


results of the 
factors which 


overall 
show 


experi 
govern 
the effects of sulfides on sewage sludge 
the solubility of the 
the concentration of 

The ferric, ferrous 
and calcium sulfides are insoluble, and 
had little effect on The 
sodium, ammonium, and hydrogen sul 
fides are completely soluble in their 
164, 
s77 p.p.m. as used in the sludge 
also the increasing 
with Appar 
ently the limiting concentration of sul 


two 


digestion: (a) 
sulfide: and (b) 
the soluble sulfide. 


digestion. 


respective concentrations of 188 
and 
This is order of 
interference digestion. 
hide to pe rmit good digestion is in the 
range of 200 p.p.m. of soluble sulfide. 

This concentration does not appear 
to agree, at first, with the value previ 
ously determined with the addition of 
sulfide. The dif- 
attributed to the lack 
of neutralization in the present experi- 
Both 


sulfides are extremely 


neutralized sodium 


ference may be 
and the am 


ment the sodium 


monium alka 
line. This alkalinity, when not first 
neutralized, may serve to improve the 
digestion by neutralizing the volatile 
acids produced, thereby lessening their 


subsequent lowering of the pi 


Effects of Cystine and Methionine 


Cystine and methionine were chosen 
for study as representative of all sul 
fur containing organie compounds that 


may be present in sewage. These com- 


pounds are products of human metab- 
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FIGURE 10.—Effect of addition of 
various concentrations of cystine on gas 
production. 
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FIGURE 11.—Effect' of 
various concentrations of 
gas production. 


addition 
methionine 


olism. However, their concentrations 


in sewage are quite low In order to 
have sufficient sulfur present to study, 
these compounds were added to sewage 
100, 500, 
on the basis of their 
and the 
compared with a control containing no 


sludge in concentrations of 
and 1,000 p.p.m. 
sulfur contents, digestions 
added sulfur compound 

The effects of the cystine on gasifica 
Figure 10. It may 
be seen that even the 100 p.p.m, addi 


tion are shown in 


tion lowered the gas production some 
what, whereas the addition of 500 and 
1,000 p.p.m. resulted in low rvasifica 
tion 

On the other hand, the effects of the 
methionine on gasification as shown in 
Figure 11 reveal the addition of 100 
p.p.m stimulated the 
tion. addition of 500 
did not materially 


vas product ion. 


actually diges 


rhe 


methionine 


p.p.m, of 
affect 
Ilowever, gas produce 
tion was lowered with the 1,000 p.p.m 
addition 

Analyses of the gas produced showed 
that with the exception of the 100 
p.p.m,. me thionine addition, the 
combustible gas to carbon dioxide was 


rat 10 ol 


decreased with the addition of organic 
Sulfide found in the 
gas from the control, in the 100 p.p.m 
and in the 100 
methionine 


sulfur was not 


eystine addition and 
O00) additions Say 
with the 500 
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FIGURE 12.—Volatile acid production in 
digesting sludge mixtures with the addition 
of various concentrations of cystine. 


for sulfides 
made for each: 639 and 2,992 
With the 1,000 
p.p.m. methionine addition, 498 p.p.m 
sulfide the llth day 
‘$4 p.p.m, on the 22nd day, and none 
on the o6th day. 

The volatile 
during digé 
12, The volatile acids in 
the that digestion in 
the control was not as satisfactory as 


only one determination 
could be 
p.p.m., respectively 


were found on 


acids concentrations 
tion are shown in Figure 
increase in 
control reveals 
in the other experiments. However 
the addition of 100 p.p.m. cystine re 
ilted in an even greater volatile acids 
concentration which decreased 
the end of 


most 


near 
the experiment to the al 
negligible the 
control. The volatile acids concentra 
tion with the 500 and 1,000 p.p.m. ad 
ditions were slightly greater than with 
the 100 addition, and did 
decrease the end of the 


amount found in 


p.p.m not 


toward expe 
riment 

acids 
The 
resulted in a 
the con 
but this dropped steadily toward 


With the 500 
volatile acids in- 


the 


methionine 


Figure 13 shows volatile 


the 

p.p.m 
higher concentration 
trol, 


the 


with additions. 


100 addition 


than in 


digestion 
the 
creased to an even greater value and 
slight 


end ol 


p.p.m. addition, 


showed only a indication of 
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FIGURE 13.—Volatile acid production in 
digesting sludge mixtures with the addition 
of various concentrations of methionine. 


dropping at the end of the experiment 
The 1,000 resulted in 
the greatest volatile 
all the organic sulfur addi 


p.p.m, addition 
concentration of 
acids of 
tions, and the acids were still increas 
ing at. the end of the experiment. 
The which the 
sulfur broke down 
sulfides during the digestion is shown 
by the 
rized in 


degree to organic 


compounds into 
sulfide concentrations summa 
Table IV. 


amounts of sulfide were produced with 


Considerable 


the cystine additions, and only a small 


amount was produced with the methi- 


onine, To this must be added the sul- 


fide 


great amount of sulfide was produced 


found in the gas, showing that a 


TABLE IV.—-Approximate Sulfide Concentra- 
tions in Sludge During Sewage Sludge 
Digestion with Various Cystine and 
Methionine Additions 


100 p.p.n 


' 
500 p.p.m 
1.000 p.p.m 
Methionine-S 
100 p.p.m 
500 p.p.m 
1,000 p.p.m 
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TABLE V.—Digestion of Sludge for 56 Days with Various Cystine and Methionine Additions 


Determination Control 
| 


. 


Gas/g. volatile matter added (ml.) | 9: 134 


Solids decrease (°%) 

Volatile matter reduction (7) 
pH, lowest 

Day of lowest pH 

pH, final 

Greatest volatile acids (meq./1.) 
Day of greatest volatile acids 
Final volatile acids (meq./1.) 





from the cystine and a smaller amount 
from the methionine. 

Table V presents a summary of the 
experiment with organic sulfur com- 
The addition of 100 p.p.m. 
cystine reduced gasification, and the 
500 and 1,000 p.p.m. additions almost 
completely inhibited gasification. More 
gas per gram of volatile matter added 
was produced with the addition of 100 
p.p.m. methionine than with the con- 
trol. Gas production was slightly less 
than the control with the 500 p.p.m 
methionine addition, and was only one- 
half the control with the 1,000 p.p.m. 
addition. The addition of 100 p.p.m. 
of both the organic sulfur compounds 
had no effect upon the solids reduction, 
but greater cystine additions resulted 
reduction than similar methi- 
onine additions. The volatile matter 
reduction was similar to the solids re- 
A low pH value was reached 
in all of the experiments; however, it 
was constantly lower and showed less 
with the methionine addi- 
tions, despite the fact that gasification 
was greater with these additions. The 
volatile acids were generally the in- 
verse of the pH, again the 
resulted from the 
methionine additions. 

Cystine is soluble to the extent of 
p.p.m. at 20° C., 
methionine is completely soluble at 
all the concentrations used. There- 
any effects of the cystine upon 


pounds 


in less 


duction. 


recovery 


greatest 


values greatest 


) 


only 27 whereas 


fore 


100 500 500 


Methionine-8 
p.p.m 


Cystine-S 


| 
| 
| 
p.p.m | 


1,000 


26 3 22: 170 OF 
18 | 5 2 10 
oer 4 5! 3Y 


a , | . xs 


2.6 


| ‘ ‘ vo 
| 1ith-14th |I4th & 28th! 56th 

6.9 | 6.1 5.5 
16.6 
35th 
11.9 


| Lith 
5.6 
64.6 
th 


| 61.9 
| 


pe j 
32nd 
j 





21st 








attributed to the 
cystine into com 
pounds which interfere with digestion. 
It is known (8) that one of the an 
aerobie decomposition products of cys 
is sulfide, whereas sulfide is not 
a normal product of the anaerobic 
decomposition of methionine. This is 
confirmed by the high recovery of sul 
fide in both the gas and in the sludge 
with the cystine additions. There was 
less increase in the sulfide content of 
the sludge 


digestion must be 


breakdown of the 


tine 


the methionine addi 


found in 
1,000 p.p.m 


with 
sulfide was 
only the 


tions, and 


the gas with 
addition 
The 
caused by 
the result of the sulfide formed in the 
breakdown of this compound. The in 
terference is similar to that found with 
soluble sulfide additions, in that gasifi- 
inhibited, and volatile acids 


with digestion 


the cystine appears to be 


interference 


cation is 
accumulated, 

The addition of the methionine ac 
The vola 
tile acids were greatly increased with 
all additions, and 
markedly increased with the 100 p.p.m 
addition. Although the volume of gas 
per gram of volatile matter added was 
solids and _ volatile 
reductions were not increased 


tually stimulates digestion. 


gasification was 


increased, the 
matter 
Greater methionine additions resulted 
in less solids and volatile matter re- 
duction. sulfides were found 
with the 1,000 p.p.m. addition. This 


some 





inhibited 
t accumu 
On the 
n of 100 
ids and 
thout any 


ile matte 


effects of 
ing compounds 
tion The sul 
ulfite in 


Discussion 


eoncen 


on may greati) ri tration | 0 p.p.m.; S¢ eral sul 


lve digestion wh pr fides of g solubility and reac 
orm. The sulfide I ( and organic sulfur in the forms 
ation and the 1 Za ( cyst and methionine in concen 
cids. The buildup ip to 1,000 p.p.m. as sulfur 
further interf , 1 experiment, the results were 
Therefor e ai compared with a control e ntaining no 
the sulfi ind added ilfur compounds, and conclu 
ons were based upon these compari 

,OnLS 


tend to 
with the 


Conclusions 
tl volatile acids | a di reduced to 
eliminated. Neutral soluble thu ate, f ulfide How 


a definite retarding ¢ to diges 


ion at about 100 p.p 


“a particular problem ! if sui : eta livestion and 


4) p.p.m 


most com 
The sul 
n of the 


digestion because 


inaerobie one. and 


mpletely oxidized 
ompounds present mi: digestion 
ulfide, Sulfite is one appears to 
fication more 
ates ar resulting In an ae 


iny organic compoul olatile acids which ma\ 


fur produce sulfide ; low on even more 
sewagt 
¢ 


1our 


products of decompos 
a greater tendency to pr 
yvnen hy ol en down thar main ta a centration oO 


solubility of 


¢ 


concentration of sul 

immediate suppr and (d) the aeidity of 
The sulfite then is re e sal lhe greater these four fac 
ulfate and further to sul the greater will » the interfer 
the digestion, thereby in nee with digestion. Neutral, soluble 


th digestion in two ways sulfid res with digestion in the 
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This interference 
appears to be manifested in two ways: 


range of 100 p.p.m. 


a) the sulfide has a direct inhibitory 
effect upon the organisms responsible 
and (b) by reducing 
which 
mulate and subsequently lower the pH 
a greater inhibitory effect 
The higher the 
concentration, the lower the 
which 


for gasification ; 


rasification volatile acids aceu 


have upon 
sulfide 
volatile 
further re 
However, increasing 


rasification. 


acids concentration 
tards digestion. 
the sulfide concentration (to about 150 
p.p.m.) also shows a tendency to re 
tard liquefaction. 

The interference with sewage sludge 
digestion caused by the presence of an 
organic sulfur containing compound 
which is not toxic in itself, is depend 
sulfide 
Neither cystine 
nor methionine was found to be toxie 


ent upon the production of 


from that compound 


However, cystine despite its low solu 
bility of only 27 p.p.m. was found to 
into sulfide, with the re 
sult that 100 p.p.m. as sulfur retarded 
digestion, and 500 p.p.m. completely 
inhibited Methionine is 
only slightly broken down into sulfide, 


breakdown 


gasification. 


resulting in little retardation of diges- 
with even 1,000 p.p.m. 
Methionine actually stimu 
lated the volatile acids production with 


tion additions 


as sulfur 


the result that more gas was produced 
with the addition of 100 than 
in the absence of methionine. How- 
this concentration of methionine 


p.p.m 


ever 
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did not increase the solids and volatile 
matter reduction. 
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Industrial Wastes 


BROAD FIELD DISPOSAL OF BEET SUGAR WASTES 


By Porat 


> ; 
RALPH 
ly, A 


sistant Basin Engineer, and 
USPHS, Ke 
Ihe early ni of heet 


\ tory 
clouded in the vastness of antiquity 


sugar 
[t 
believed that the Chinese have mad 
sugar from beet juice since 
l The opening of a small 
1801 


4 
giganti 


factory at Breslau, Germany 
as the of the 
Kuropean beet sugar industry 
Cultivation of sugar 
the United 
1948, 85 plants operating in 
produeed 1,369,000 
ir from 9,422,000 tons of beet 
12.3 per 


Associated 


in 
forerunner 
beets was li 
into States in 
1880, | 
16 
peet sug 
thi 
cent 


troduced 


tats tons of 
production 
of the 
beet ugar 
asity f 


tne 


represented 
world total 
manufacturing is the 


or a copious supply of 


with 
wate! 
related problem of waste di 
lor each ton of beets processed 
to 3,500 gal. of 
and plant capacity varies from 1,000 to 
It has 
been estimated that, during the season 
the beet 


States discharges liquid 


2 500 water are used 


»,900 tons of beets per day 


or operation, sugar industry 


in the United 
wastes having a biochemical oxygen de 
mand potential of nearly 3,000,000 I 
daily (Z 

It is to 


industry 


to 


the beet 


being 


credit of 
efforts 
pollution 
ed by large discharges of untreated 
The Western 


has Various wast 


the 
that 


Suga! 
are made 


eorrect stream problem: 
Cau 
Great Sugar 


istes 
Company studied 
utilized several 
of 


and at Bayard, Nebraska, is now eval 
the of 


disposal systems, has 


treatment its wastes 


methods for 


uating application wastes to 


B 


7D GLEN J 


tsin Engineer, M 


HorkKIns 


irt Drainage Basin Oflice 


as City, M 


a grassland field prior to their ultimate 
drainage to a watercourse This study 
was undertaken to assist in the under 
the latter treatment 


typical of the 


standing of 
It is 


studies 


proce 
ess cooperative 


the Na 
Committee on 


encouraged 


Task 


being by 
| echnical 


Industrial Wastes 


tional 


Development of Cooperative Study 


A work plan drafted by the Mis 
souri Drainage Basin Office, U. §S 
Public Health Service, reviewed 
by the Nebraska Department of Health, 
the Western Sugar Company, 
the Division of Water Pollution Con 
trol, and the Robert A 
Engineering Center 

Health Service. A 


team was 


was 
Great 


Taft Sanitary 
the Public 
man survey 
Ne 
for one month starting October 


ol 
Six 
assigned to Bayard, 
braska 


19, 


and secure 


1953, to make laboratory analyses 


other basic data. The team 


consisted of a sanitary engineer, a 


chemist ui bacteriologist and three 
sample collectors 
The of this 


outlined as follows 


aims study are briefly 


1. To evaluate the over-all effective 
ness of grassland field treatment of beet 
sugar wastes 

2. To 
plished 
3. To determine the effect of the field 
effluent the receiving drain ditch 
and on the North Platte River 


evaluate treatment accom 


in various segments of the field 


on 


1160 
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$4. To record bacteriological and lim 
nological trends through the treatment 
area, 

Plant Operation 


Products of the Bayard plant are 
sugar, molasses and dried pulp. Raw 
materials include sugar lime 
rock, sulfur, soda ash, coke and coal 
The plant has a rated capacity of 1,850 
tons of beets per day. During the 
1952-53 season, the average daily cut 

1,769 tons with a 
1,983 tons. ’ 
seet sugar plant operation is con- 
tinuous, barring accidental stoppage, 
from the start in the fall until all beets 
The 1952 operation be- 
gan October 11 and lasted for 
89 days. The Bayard plant operates as 
a non-Steffen House (straight) sugar 
factory. 

A flow diagram is illustrated in Fig 
ure 1. The beets are conveyed to the 
processing plant where leaves, floating 
debris, sand and beet rootlets are re 


beets, 


maximum of 


was 


are processed. 


about 


moved by screening as the beets are 


FIGURE 1.—Beet sugar factory flow 
diagram, Great Western Sugar Co., Bayard, 
Nebr. 
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The 
washed beets are sliced into long, nar 
row, V-shaped ribbons termed 
settes.’’ Conveyor belts transport the 
cossettes to diffusers for the extraction 
of sugar by counter-flow with hot wa 
ter. The raw juice extracted is sub- 
jected to chemical treatment and filtra- 
tion following which it is concentrated 
in multiple-effect evaporators and 
finally is crystallized in vacuum pans 
The residual molasses is shipped to a 
Steffen House plant for additional 
sugar recovery or for by-product re- 
covery. Thespent cossettes are drained, 
then further dewatered by pressing, 
and finally dried and bagged as high 


grade stock food. 


washed in the flume and washers. 


*@os- 


Water Supply 


Process water is diverted from an ir 
rigation ditch; approximately 43,200,- 
000 Ib. or about 5.2 m.g.d. is the aver- 
age usage 

Wastes 
Flume and Wash Water 


Flume and wash water, which 
amounts to about 75 per cent of the 
total water used at the plant, is that 
used to convey beets from storage piles 
Principal 
pollutants are leaves, beet particles, beet 
rootlets and dirt washed from the beets. 
An average of 30 lb. of dirt may be re 
moved per ton of beets; wet weather 
conditions will increase this amount by 
over 50 per cent. Organic material and 
sugar dissolved from spoiled or frozen 
beets may contribute additional pollut- 
ing matter. The flume and wash water 
make-up includes fresh water and waste 
from barometric condensers, The con 
denser water contains dissolved organic 


and sheds to the factory. 


vapors and a small amount of ammonia 


Pulp Screen Water 


Much of the water remaining in the 
beet slices (cossettes) after extraction 
of sugar is removed from the spent ma 
terial by screening. The pulp sereen 





rE 


tream supporting fis! 


carries a great ear around fl 


OW 
organic material 


otein, salts, pec sewerage 
and other vastes from 
One, : -in. tile line 
directly to the drain ditch 
below the process water 
sion dam. The other line 


discharging to 
The plup pre n ra aiten "i ipties to a waste 
vaste and the drt i (i «| ; 5 the waste to a 
cattle feed id thence to the treat 
When the pump 


i IS down 


pre cipitate 


eated and carbon 


iluted with 


to the ill 
On dry basis, the lime 


age about 0 Ih per ton 


This waste contain 
calcium earbonat: 
matter as sugar 


pt osphates and 


lane } MN a te 


hings and washings from 
returned for reproc 
contain sugar, othe 


d to the sewer 


Waste Disposal Practices 


ream 


on ditch passing thr 
perty 1s the ultimat: 
treated and untrea 
he ditch parallel 
canal and then 1 
st of the treatment —— een 
and drain ditch 
ike for the full ler 
illustrated in Figure 
channel at the lower 
eatment field discharges t 
h flows into the North Pl: 
Divew o 1s gee talin Dietems feces thi FIGURE 2.—Plan of ungraded nat 
ural grassland field and ditches used in the 


point rhe drain 1s broad field treatment of sugar beet wastes. 


a clear 
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for maintenance, the main factory 


directly to the 


wastes are by passed 


drain ditch 


Natural Grassland Treatment Field 


field 160 
res, as illustrated in Figure 2. It is 
roughly 


The treatment consists of 
rectangular in shape, 3,500- 
1,750 ft. wide at the inlet 
end, Waste is applied to the field by 
a distribution flume having a 


ft. long and 


means ol 


dirt bottom and wood sides; the out 


lets from the flume to the field are 4-in. 

pipes spaced at 25 ft. intervals 
The natural field, 

ially ungraded, is generally level but 


+ ly 


grassland essen 


el enough to prevent channeling 
Only a limited portion of it could be 
truly called a ** 
the waste passing through the grass in 
The uniform 
reduced the effective area 
and permitted 


grassland filter,’’ with 


shallow sheets lack of 
distribution 
excessive short circuit- 
through the field. 
of the waste over the field reaches 


the lower end 


As the natural 
flow 
drainage is collected in 
the effluent canal, and is discharged to 
the drain ditch 


Sampling Procedure 


» drain ditch was sampled at the 

water supply diversion to pro 
a reference point for evaluation 
effects of untreated factory waste 


TABLE |. 
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and treatment field effluent upon the 
ditch as detected by the series of down- 
The main factory 


wastes were sampled at the distribution 


Stream stations 
header prior to waste application to the 
field The treated effluent 
sample was collected at the discharge 
flume 


treatment 


To control the flow studies, the treat 
ment field was staked in 200-ft 
By use 


squares 


of a coordinate system, person 


nel studying the field and observing 


the passage of dye were able to orient 


themselves and to locate and record 


exact positions. River samples were 
usually taken from the main channels 
and composited ; dissolved oxygen and 
coliform concentrations were deter 
mined on the individual grab samples, 

Examination and analyses were made 
‘Standard Meth 
Kxamination of Water and 


Ninth Edition, 1946 


in accordance with 
ods for the 


sewarve 


Presentation of Data 


Plant “ astes 


The two sewers discharging wastes 
results 
The 
12-in. tile line that emptied to the ditch 


had an average discharge of 1.6 e.f.s 


following 
obtained for the period of study, 


were gaged and the 


with a B.O.D. value of 337 p.p.m. and 
contained 1,056 p.p.m. suspended solids 
The main plant out-fall had an aver 


Results Showing Average Values in P.P.M. and Pounds Concentrations 


of Various Parameters 


Ditch 


intake 


below water supply 


sewer to dit h 
Ditch immediately 
field 

Factory effluent to field 
Ditch before receiving 
effluent 

Field effluent 


Ditch downstream 


above 


' Estimated flow 


L6Oo0 ) SUS 
1] SY 2,010 


5,700 
11,200 121,900 
> 47.1 > 6,550 16,242 
158 2.990 he 1,100 
52.4 10,470 43,167 





TRIAI October, 1955 
45 Ineas 


ith subsequent 


biologie 
listribution fir 


B.O.D. val 


al removal of 
about 10 per e 
vaiue and contained as the v 
215 


nt of the dissolved solids 
waste passed over the rest of the 
J | m. suspended solids The ield 
B.O.D 


ime with 
| ? 


in these two combined dis ‘h bacteriological results in the 

14,110 lb. per day (Table I fir were erratic, as anticipated. Prior 
Approximately 2,400 Ib B.O.D campaign the field was used for 
reacned the 


Vv 


drain ditch by overflow or 
ee page 


cattle and numerous prairie 
the diteh 


ihabited the tract 
rom the sf 


here the waste canal parallels 
a 


agco¢gs 


ascertained by ditch sam I 
and must be added to the pri 


measured values. Thus the B.O.D 
tne wast 


Kecal matter 
animals no doubt 
nated the : und, T 


contam! 
pling he coliform results 
derably, yet the 
l median r t 


aried co) 
from the plant app 


mated 16,500 Ib per day Based on ar 


per cent The total 37° ( 
cut of 1,890 tons of beet ed 


over-all 


on was recorded at &9 

bacteria 
average Galil‘ C6 count now i a& constant 
the B.O.D pounds per ton of beet trend wit 


downward 
h an over-all reduction of 75 


ne average daily suspended per cent 
as discharged by the tw 
131,000 lb. of which 121 


JUV Biological Features 
the main sewer dischargin 

atment field Aquatic life in the treatment field 

vember 1-3, 1953, 

mainly ol the 


during N¢ consisted 
nent by the Grassland Field sewage fungus Sphaero 

, , us, and a unicellular 
B.O.D value of the j , : , 


green alga, 
. Chlamydomonas. The 
p.p.m, and of the 


fungus was at 
‘ a tached to grass stems and 
p.p.m., a reduction of 67 pe 


; mainly in the 
pended solids were (il ‘ | . 
ent from 5,215 
p.p.m rhe ov 


leaves 
flow channels, and larg 
areas were blanketed with its long 
p.p.m i} ; es ' 
er-all efficiency of grayish | treamers lhe algal growths 
treatment plot might be better illus occurred as free swimming 
trated by reference to Table | showil eo but the vl 


' trations wert 
pound alue It will be noted that 
the averayvs 


forms in 
greatest concen 
found adhering to grass 
volume of the influent ap and other bottom 
d during the period of “°** — ons 
¢.f.s. while the effluent -_ ae _ — 

a a» Of the 1] 200) lh of (Chemical analy SCS 
B.O.D. applied daily to the field 2,990 %° Present 
i? 


materials in quieter 


instances to fila 


a Tew 
plied to the 
tudy wa 


showed oxygen to 
in small amounts (1.6 to 2.4 

. D.p0 only in the 

» Were discharged in the effluent. a P| ‘ie 


clear brown water 
total reduction in B.O.D. of 


panes quiescent areas Absence of oxygen 
- 7. in the green was apparently the 

exhaustion of quan 
‘ tities 


ation p oduced by phot 
The B.O.D 


lata reveal that at 300 ft he algae concerned did not appear to 
fidtla evea lat a ’ 
down field 


i, no appreciable reduet existing as saprophytes. Nitrogen 
took place ; at 450 ft., the reduction es of water collected 

8 per cent; at 600 ft., the as showed 
cated a slight increase: and at 900 { tration of ammonia and nitrate 
the removal 


il was 6U per cent NH N, 0.00 
Other 


areas 

per cent : 

; . ‘ result of immediate 
It j pertinent to consider results 

he sectional field sampling 


synthesis, as 


in 
data ind ariou greatest concen 
nitro 


p.p.m 
parameters depict a like 


areas containing an alga 
lreatment appears to accomp 


Nitrate content of water in 
the removal of settleable so 


the ditch above the area was far greate; 
ipper one-eighth of the fiel than that found anywhere on the dis 
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posal area (1.5 p.p.m. NO,—N). Ni- 
trite nitrogen occurred in the ditch but 
was absent in water on the field. 
Concentration of algae in suspension 
over different areas of the field varied 
The effluent from the 
contained an average concentration of 
66,500 Chlamydomonas per ml. Water 
over the green algal areas contained 
775,000 to 1,650,000 Chlamydomonas 
per ml.; grayish water flowing around 


widely area 


algal areas and over fungus areas pos- 
sessed 64,000 Chlamydomonas per m1. ; 
and the areas of clear brownish water 
suspended 
Concentration of algae adhering to the 
substratum was much greater than that 
of suspended individuals, and was es- 
timated to amount to approximately 
23,000,000 per square centimeter of sur- 
face in green areas, an extremely high 
concentration. 


contained no organisms. 


Examination of plankton in the wa- 
ter supply ditch disclosed a varied al- 
gal population, mostly displaced ben- 
thic diatoms. ‘To this assemblage was 
added Chlamydomonas from the treat- 
ment area, providing an average con- 
centration of 337 per ml. As dilution 
in the ditch was roughly 10 to 1, this 
concentration was about 4%, of what 
would be expected to result from dilu- 
tion alone. One sample taken about 
150 ft. below the treatment area outfall 
5,003 per 
ml. These facts indicated a rapid die 
off of this green alga in the ditch. 

Above wastes from 
the factory, the ditch contained dense 
attached growths of Cladophora, a fila- 
mentous green alga, along the strands 
of which were attached many diatoms. 
Photosynthesis by these algae resulted 


contained Chlamydomonas 


the ‘entrance of 


in supersaturated oxygen levels during 
daylight hours; and algal respiration 
after 
synthesis at dark resulted in oxygen 
decline during the night. Oxygen sat- 
uration noted early one afternoon was 
approximately 125 per cent. During 
the night (early a.m.) oxygen declined 


continuing cessation of photo- 


to less than 90 per cent saturation. 
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Experiments With Algal Growths 


Large samples of field effluent were 
collected Kansas 
City, where they were transferred to 
Depth of effluent in the 
pans varied from 1%, to 4 in. Chemical 
and biological analyses of water and 


and transported to 


glass pans 


bottom growths were conducted at in 
tervals for 26 days. Water tempera 
ture varied from 20° to 21 
period 


C. over this 


At the start, a supersaturated oxy 
gen condition (142 per cent) was evi 
dent in all pans, and the algal growth 
which had at first consisted entirely of 
had quite 
Chlamydomonas was evidently 
and diatoms of the 
genera Nitzchia and Navicula, as well 


Chlamydomonas, become 
varied 
on the deeline 


as two green algae (Ankistrodesmus 
and Chlorella) and Euglena were in 
creasing rapidly. This trend continued 
After 16 days, Chlamydomonas was 
relatively and and the 
two green algae listed above were by 
far predominant had 
was about 


three times as numerous as Chlamy- 


rare diatoms 


Euglena also 
continued to inerease and 
domonas 

Monocarbonate alkalinity eventually 
increased to 108 p.p.m. and bicarbonate 
alkalinity from an original 
$12 p.p.m. to 236 p.p.m. In relation to 
pHl reached 
Ammonia nitrogen 


declined 


these alkalinity changes, 
a maximum of 9.5. 
increased from 0.45 to 1.65 p.p.m.; ni 
trite was never present; and nitrate 
0.02 to 0.2 
Phosphorous was never evident 


nitrogen increased from 


p.p.m, 


in the available or soluble form. Su 


persaturated oxygen levels were evi 


dent at all times of analyses, which 
were restricted to daylight hours 


Discussion of Biological Features 


Although the algal growths scattered 
over the treatment area were not ob 
add that per 
sisted (on even a temporary basis), the 
growth of life 


have been at the expense of materials 


served to any oxygen 


various forms of must 
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Observation during the period of study 
indicated a relatively low level of at- 
mospheriec odors except in close proxim- 
ity to the field, a 
disposal method practiced at the Bay- 
ard sugar factory 


factor favoring the 


Treatment Field Flow Characteristics 


The flow pattern of the field was de 
flow 
Congo red 
indi- 
cator inasmuch as it was a contrasting 


termined by observation and by 
studies using dye and salt. 
dye was first chosen as the flow 
color to the green algae sections found 
in the middle portion of the field. 
However, the red dye faded out com- 
pletely in the first 500 ft. of the field, 
due either to settling out with the lime 
slurry or I luo 
rescein dye was then added to the fieid 
influent and traced through the field 
until it the 
similarity in laden 


to excessive dilution 


was lost or 


masked by 
color of the algae 
waters 


To determine the over-all detention 


FIGURE 3.—Chloride concentrations in 
grassland effluent at station F-5 after dos- 
ing sugar beet waste with 1,000 Ib. of salt. 


BEET SUGAR WASTES 


1167 


time of the field, 1,000 Ib 
(sodium 


of cattle salt 
were added at the 
pump intake just prior to station FJ 
and hourly samples collected for 50 hr. 
at the field effluent station F5 (Table 
I The results of the chloride study 


are shown in Figure 3. 


chloride ) 


The maximum concentration of salt 
the field at 
1:00 pM, a considerable portion passed 
through the field in 4 hr., the maximum 
reached the effluent in 
14 hr. and most of the salt cleared the 
field within 29 hr. The average deten 
tion waste through the field 
would then be one-half of 29 hr. or 14.5 
hr. which coincided well with the max 


14 hr 


essentially reached about 


concentration 


time ol 


imum concentration detected in 


Discussion 
W a ste 


ki aluation 


The principal wastes from the Bayard 
plant emanated from fluming and wash 


ing of beets, pulp screening, pulp press 


ing and flushing of the lime cake, The 
B.O.D. the waste the 
plant during the period of study was 
16,500 Ib. per day, which is considered 


value of from 


low. The summer and fall were rela 
tively dry and warm in the Platte val 
ley. The harvesting of beets proceeded 
rapidly with a adhering 
Thus the 
arrived for processing in excellent con 
dition and it would be expected that 
the wastes would be relatively low 


minimum of 


soil and no freezing heets 


It has been reported (2), in a study 
of waste similar to the waste discharged 
at Bayard, that the B.O.D. of the lime 
would amount to 56 per 
cent of the total B.O.D. discharged. A 
1952 unpublished report (5 


cake slurry 


by Great 
Western Sugar Company on the Bayard 
plant indicated a similar percentage. 
Other 
percentage (6 
the relatively 


studies show a somewhat lower 
although 
large 
,.O0.D, 


the polluting 


recognizing 
this 
Because of 

the 
other possible methods of lime 


portion ol 
waste on a basis. 

material in lime 
waste 


cake disposal should be given serious 
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the field. 
the distribution 


The waste reaching 
beet 
rootlets and other coarse matter 


sults of 
flume contained 
tops 
that should be sereened out at the plant 
to prevent operational difficulties in the 
Klow from the distribution 
flume to the field was seldom uniform 
because of the intermittent operation 
of the lift pump and clogging of the 
pipes from the distribution 
canal. Reetification of these 


flume. 


leading 
defects 
could readily be accomplished by a suit 
able pump installation and by the use 
or open distribution flumes leading to 
the field from the distribution header. 
latter 
stalled during this study. 

The 
field could be improved by leveling and 
terracing in the manner of the border 
strip method of irrigation, thereby in- 


This correction was being in- 


effectiveness of the grassland 


creasing the detention time through the 
field. If leveling and terracing would 
permit 80 per cent of the field to be 
usable with liquor depth of 3 in., the 
average calculated detention time would 
be 72 hr., 


detention period, 


or about 5 times the present 
This additional time 
would allow use of a goodly portion of 
the field as a true biological filter with 
added purification, particularly of the 
soluble fraction that 
removed by settling. 


is not now being 

Field treatment appears to offer con 
siderable flexibility. Where a 
degree of treatment is required, a much 


lesser 


smaller plot to provide settling only 
might suffice. 
deal of 
vented 


Where land is scarce, a 
the solids could be 


food 


pre 


from reaching the grassland 
field by separate disposal of filtered 
and the 


waste treated on a smaller field 


lime cake remainder of the 


Summary and Conclusions 


During this study, the liquid wastes 
amounted to more than 2,400 gal. per 
ton of beets processed and had a B.O.D. 
value of approximately 16,500 lb. per 
Sixty-eight per cent of the B.O.D 


produced 


day 


was applied to a natural 
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grassland field for treatment while the 
remainder reached the ditch untreated 

Of the 4.3 ¢.f.s. with an average of 
483 p.p.m. B.O.D. applied to the field, 
3.5 ¢e.f.s. with an average B.O.D. value 
of 158 p.p.m. was returned to the drain 
ditch as effluent from the field after an 
14.5 hr. detention in the 
treatment plot. The B.O.D. removal in 
parts per million was 67 per cent, while 
over 73 per cent of the pounds B.O.D 
applied remained on the field. Sus- 
pended solids removal exceeded 99 per 
cent. 

Bacteriological reduction through the 
field was 89 per cent based on M.P.N., 
and 75 per cent total based on bacteria 
count at 37° C. Algal and protozoan 
growths were present in large numbers 


average of 


especially in the quiescent sections of 
the field 

Effluent field, 
waste discharged directly to the drain 


from the treatment 
ditch, and inadvertent spillage or over 
flow of untreated waste and partially 
settled liquor from the treatment plot 
increased the B.O.D 


from 2.37 


in the drain ditch 
p.p.m. to 52.4 p.p.m while 
the D.O. dropped from 9.89 p.p.m, to 
5.74 p.p.m, 

All plant wastes should be applied to 
the treatment field 
trolled to prevent inadvertent spillage 


and closely eon 
or overflow, More equable distribution 
of the waste to the field 
in increased efficiency of the treatment 
Field 


should be undertaken to increase effee 


would result 


area leveling and terracing 
tive area and improve detention time 


so that advantage might be derived 
from additional biological activity 

The broad application of sugar beet 
wastes to a natural grassland plot ap 
pears to be an effective method of waste 


treatment. 
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ANAEROBIC DIGESTION OF PEA-BLANCHER WASTE 
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Respectively, Research Assistant * and Professor of Sanitary Engineering and Sanitary Engi 
neer, Division of Industrial Research, State College of Washington, Pullman, Wash. 


The processing of peas for canning 
results in a large volume of combined 
These wastes exert a high bio- 
demand (B.0.D.) 
which must be satisfied by treatment 


wastes. 

chemical oxygen 
processes or by natural purification in 
Reduction 
of the B.O.D. by lagooning is not al- 


a receiving body of water 


ways satisfactory because of: (a) diffi- 


culty in controlling the process; (b) 
geological 


proximity 


adverse topographical and 
features of the area; or (¢ 
to habitations 

The pea cannery often is located in 
a small town in a predominantly agri- 
cultural district Municipal 
treatment facilities either may not be 


sewage 


available or are not designed to accom- 
modate the greatly increased waste load 
during the relatively short canning sea- 
son. Many canneries do not have ade- 
quate provisions for separate treatment 
or disposal of waste, frequently because 
of the that 
has sufficient flow to absorb the pollu- 


absence of a watercourse 
tion load 

Table | shows that the pea canning 
wastes from the blancher and blancher 
spray reels constitute about 7 per cent 
of the process waste flow, but exert ap- 
proximately 68.6 per cent of the total 
BOD. (1 The 


of this small portion of the waste would 


separate treatment 


result in a marked decrease in the 
B.O.D 


charge 


of the remaining cannery dis 


Literature Review 


The formation of methane in nature 
has been known for some time and has 
been recognized as a product of bio 

* Present) 


Sanitary Engineer, Michigan 


Department of Health, Lansing, Mich 


activity A relation between 
inflammable gas and putrefaction was 
recorded by Volta (2) in 1775. Popoff 


"” 


3) in 1875 conducted experiments to 


logical 


determine the source of methane, after 
Reiset (6) in 1856 noted the formation 
of methane from decomposing manure 

Anaerobic treatment of sewage and 
wastes has utilized 
1881 (4). Buswell (5) 


of industrial scale anaerobie digestion 


been since about 


cites examples 
applied to molasses waste resulting 
from the production of yeast, and gives 
examples of the same process used for 
derived from 


manufacture of 


the reduction of waste 


grain in the butanol 
and ethanol. 

The gas evolved from the anaerobic 
process 1S composed largely of carbon 
The earbon di 
oxide and methane amount to about 95 
cent of the total volume. The 
methane to carbon dioxide ratio varies 
from 1:1 to 3:1 (7) (8) (9) (10) 
(11) (12) (13) depending upon the 
composition of the substrate and the 
which the fermenta 
Relatively simple sub 


dioxide and methane, 


per 


conditions under 
tion takes place 
stances such as sugars, some proteins 
Tats 
but when the original substrate is com- 
posed of more woody material the hu 
mus-like sludge remaining may amount 
to 40 per cent of the original volume 
(14) (15) (16) (17). 
Maintenance of efficieney (19) (20 
has been a major problem in the opera 


and may be completely gasified 


of solids (8 


tion of anaerobic digestion units con 
trolled by feed rates which do not al 
low the volatile acids concentration to 
rise above a predetermined value (21) 
(22 23) (29) Stander (15) re 


ported on a laboratory investigation 
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derived from operatior 


TAT 


Pollutional Characteristics of Pea Cannery Wastes 


144 
1,900 


2 U0 


sterile or contain only a few spe 
isms No fresh inoculum of 
ewage sludge bacteria, necessary to the 


Also 
vithdrawal of digester ef 


anaerobic fermentation, is added 
the constant 
luent removes a portion of the bacteria 
present in the digester. It 
suggested that 
restor sed for wastes other than sew 
Lore ludge could be 


healthy condition, not by 


riginally 


has been anaerobic di 


maintained in a 
reducing the 
eed rates as the volatile acids content 
nereases, but by the addition of a 
pecially prepared inoculum to remedy 
the state of bacterial unbalance as in 
dicated by 


aceelerated accumulation 


of volatile acids (18 
ironment necessary for satis 


anaerobie 


Che en 


factory digestion has been 


delineated as a result of laboratory 
xperience with pilot-plant 


While knowl- 


the microbiology and biochem 


york and ¢ 


“ale digesters 


a normal sewage plant is quite 
Mylroie (26) has 
od by which 


developed a 
Vethanoba 
isolated and 
determined 


mited 
im ean be 


organisms 
ny complex 
matter, auxiliary micro-flora 


of hydr ly zing the or 


associated in 


Anaerobic Digestion Requirements 
The conditions re q ured for success 
il reduction of B.O.D. by 


be defined 


anaerobic 
After the 
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break-in period an anaerobic digester 
has an active biota acclimated to the spe- 
cific environment. Organisms capable 
of adapting themselves to the condi- 
tions have survived. It is possible that 
some active organisms are mutants that 
have propagated because of a favorable 
environment. Any sudden change in 
environmental conditions will result in 
a drop in efficiency. 

Mixing is essential to successful ana- 
digestion Thorough 
the added waste into 
with the organisms, increasing bacterial 


erobie mixing 


brings contact 
ise of the substrate and releasing en- 
Mixing aids in maintain- 
temperatures, 


trapped vas 


ing uniform and also 


eliminates undesirable stagnant pock 
ets. Mixing has been shown to produce 
a 26 per cent increase in gas produce 
tion, and to improve B.O.D. reduction 
hy 30 per cent, in one specific case in 
the laboratory 27 

A method of sewage sludge digestion 
has been which 


rece ntly developed 


makes it possible to complete the ana- 


erobie reduction of sewage solids in 


approximately one-third the usual time 


I nd 


Uniformity of temperature is stated 


to be very important in that significant 
will result in a decrease in bac 
activity (4 Mesophilie 


temperature ranges have been used sue 


changes 
terial (18 
cessfully in many instances. Research 


has shown these temperatures to be 


favorable to methanogenic organisms 
26). 

Little methane will be produced 
vhen the pH is below 6.2 or above 8.8 
he optimum pH for the methane pro 
to 7.2 (4 It 

that the 
of alkali may induce a highly 


condition of the 


bacteria is 6.8 


aucing 


has been shown (29 addition 
ionized 


substrate which will 


tend to cause the formation of acetate 
rather than acid from the organic 
material 

There 


timum feed rate for anaerobic fermen 
The method 


is no generally aecepted op 


tation of organic wastes 
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for the 
prediction of continuous fermentation 


of Adams and Hungate (30 


cycle times from growth curve analy 
(31) to pea-blancher 
The computation gave an op 
This 
method of predicting the length of a 
cycle is based on the fact that, in a 
continuous 


sis was applied 
waste 


timum cycle time of 9 days. 


fermentation, an equilib 


rium is established in which the con 


centrations of nutrients, substrate and 
metabolic products are maintained con 
addition of fresh 


by the removal of an 


stant: (a) by the 
medium, and (b 
equal volume of fermented or partially 
fermented The position of 
this equilibrium defines the degree of 


medium 
fermentation. ‘The rate of waste feed 
is calculated to equal the rate of bae 
terial growth, in order to maintain the 
equilibrium at the selected level 


Laboratory Equipment Design 


In the 


pea-blancher 


laboratory investigation of 


wastes, the primary di 


FIGURE 1.—Laboratory apparatus for 
digestion of pea-blancher wastes. 
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1953 A ratio of two 


ly contained in a 37° ¢ 


incubator, with the necks astes to one part 
employed Both di 


maintained at 37° C 


through openings in th 


, - ‘eductions were good A 
Laboratory Investigations 

; blaneher 

time of 9 days used in tl va i a B.O.D. value of 35.000 

tigation was selected on the onservative value of 30 


prior research on the anaerobi ised, it 1s found that after 
fermentation of this pea blancher wast operation a reduction in 
It was foreseen that th er cent was taking place 
ter might fall. Sodiun in th imary digester, and nearly 98 
selected for the contro] complete system. Total 


dition The use of sodiun SOL mten howed a reduction ol 


vdroxide did maintain the pH at th a per cent respectively 
desired level (about pH 7) but the Volatile acids determinations made on 


methane fermentation with the the primary digester liquor during this 


pected luction in B.O.D. was period yielded an average value of 730 
hibited 


p.p.m. as acetic acid, the highest value 


Che lium hydroxide was suspect being 910 | 


p.p.m. A single determina 
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tion on the secondary digester liquor 
‘ated a value in the same range. 


mak 


Studies of Higher Loading 


A transition was next made from a 
10 day eycle applying two parts pea 
blancher waste and one part digested 
sewage sludge to an 8.3 day cycle with 
i feed of six parts blancher waste and 
The increased feed 
deleterious effect on the 
The efficiency 


one part sludge. 
rate had no 
action of the digesters. 
of B.O.D. reduction at the end of the 
investigation was 90 per cent in the 
primary and 94 per cent overall 
The next studies were based on a 10 
day cycle applying two parts 
part recircu 
Again, B.O.D 
the 
of 30,000 p.p.m. for 
the reduction at the 


end of 28 days was 96 per cent in the 


pea 
blancher waste and one 
lated secondary effluent. 
reductions were satisfactory. On 
basis of a B.O.D 
blancher waste, 
primary stage and 98 per cent overall. 


Total 


duction of 81 per cent in the primary 


solids at this date showed a re- 
and 91 per cent in the secondary 
Finally, a transition was made from 
a 10 day eycle of two parts blancher 
waste and one part recirculated second 
ary effluent to a 9 day eyele of blancher 
vaste without 


recirculation 
Gas production averaged 724 ce. per 
hr. During the last three days of the 
1.250 ce 
per hr. or an increase of about 73 per 
ce) The inerease in 
i 712 ml. per day to 1,200 ml 
about 69 


period the average rate was 


vaste added 
per 
day 1s This is a 


per cent. 


close agreement and indieates that the 
greater loading together with the lack 


of recirculation had no deleterious ef 


fect on the digestion process. 


The efficiency of the B.O.D. redue 


tion based on the final data was 93 per 


the 


cent overall 


cent in primary stage 

Foam appeared in the primary di 
gester to such an extent after the tran 
sition, that it was necessary to install 


a trap in the gas discharge line to pre 
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vent passage of foam into the gas col 
lector and manometer 

Assuming blancher waste to be sim 
the 
represent the 


ple sugar reaction shown below 


might overall fermenta 


tion to methane 


2 CH,O ——> CH, + CO, 


It was determined that blancher 
waste contained approximately 31,000 
p.p.m. or 3.1 per cent, volatile solids 
During the 10 day cycle using a 2:1 
sewage sludge ratio this would amount 
22.1 g 
theoretical 

this 
the 


about &.3 | 


to an addition of 
The 


methane 


of solids per 
day production of 


from amount of solids 


according to assumed reaction 
would be 

The a 
at the 


hour 


per day. 
verage rate of gas production 
end of 26 days was 701 ce 
or 16,82 |] 
age methane content during this period 
per actual 
methane production of about 9.6 1. per 


per 
in one day. The aver 


was 56.9 cent, giving an 


day. Applying a correction to 0° C 
and 760 mm, of mereury this value is 
This is 
with the theoretical 


reduced to about 8 1, per day. 
a good agreement 

amount 
Applying the same reasoning to the 
parallel run using recireulation at the 
methane 
is indicated. This 
with the 

, 


theoretical production of 8.3 1. per day 


end of 28 days, a net daily 
production of 7.7 1. 
again is in 


good agreement 


The loading, in terms of volatile mat 
ter contained in pea blanecher waste for 
the was 0.13 Ib 


foot per day. 


two trials per cubic 
recirculation or 
determined in this 
In the last phase of the study 


Optimum rates of 


were not 


seeding 
study 

however, recirculation was stopped and 
loading increased without any appar 


This 


loading on a 9 day eyele was 0.21 Ib 


ent impairment of efficiency 


per cubic foot per day 


Summary 


The addition of sodium hydroxide to 
an anaerobic digester in the process of 


digesting pea-blancher waste was found 
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increased to 


received 


s] udge 


of the dig resulting in 


The other re 
tem waste without recirecu 
‘irculation fror 10 The loading of volatile solids 
t impre rom the ancher waste under these 
ed 0.21 lb. per eubie 


ligestion efficiency was 


did no 


The pH value remained 
did not 
led w ! crease 4 production 


vere provided 


duplicate digesters 

tical econditio 
f hlanchet rtional to the imerease 

measured 
blanc uccess of the 9 day feed cycle 
the other received th rroborate the method of 
reulated eonda f Adams and Hungate (30) for deter 
mining eyele times as applied by Myl- 
solids loading 1“ roie, Maki and Hungate (31 
equaled 0.15 Ib 
in the 


qual to one-half the 
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{ ollege, 78 


ERRATA 


10th Edition of Standard Methods for the Examination of Water, 
Sewage and Industrial Wastes 


First Printing 


136, par. 3.3, 2nd line: change to read ‘‘0.31 g Al,(SO,),-18H 


252, right column: the last factor of the right side of the equation should be 
“Zk 
253, par. 2.7, 2nd line: change to read ‘'1.0N; Dissolve 248.2¢ 


2959, left column: in each equation, left side, numerator, place the values 


‘P — u’’ in parentheses so that it appears ‘‘(P — u)x’’ 
264, par. 3.6, last word: should be ‘‘unreliabl 
308, right column: the present par. 3.10 Ferrous sulfate should be deleted and 


subsequent paragraphs renumbered to ‘63.10, 3.11 and 3.12.’ 
378, right column next to last line in the next to last par. preceding Section 

D: change the line to read ‘‘broth to a plate, thence to lactose.’ 
First and Second Printing 


17, right-hand column, first full paragraph 


change to read ‘‘As a general 
rule, results shall be expressed in terms of th 


ubstance actually determined 


the element, B, rather than 
will be noted in the sections dealing with spe cific determinations,’’ 


Exceptions to this, such as reporting boron as 
as borate, 


17, par. 2.3.la: change the second line to read 


and scale type sensitive to 
0.25 micro-”’ 


126, par. 3.4: add a new sentence ‘‘Store in a cool, dark place.’’ 
135, right-hand column: the chemical symbol in the numerator of the right 
hand of the equation should be ‘‘Mg,P,O 


153, par. 1.1: change to read ‘‘The color system obeys Beer’s law up to 0.18 


mg/l as nitrogen, or 0.6 mg/1 nitrite, with a 1 em light path at 520 mu 


170, right column. 3rd line: change to read ‘‘ After 10 min, but before 15 


min, using the same specific interval for all determinations, measure the 


color 
197, top of right column: 
**411.5”’ 


oC 
bad 


change last factor of numerator of fraction to read 


par 2 1 ; 


change third line to read ‘‘tilled water and dilute to 100 ml 
This’’ 





WASTE WATER USE IN A SOAP AND 
EDIBLE-OIL PLANT * 


others soap and ed I 1! is mu as 7,000 o@ p.m. at some 


in the unincorporated Des eriod iT Vi obvious that the 


Los Angeles County j loc supply would be inadequate for 


tensive water conse! tem he high eost of 
heen in suece he water made the loeal supply even 
about four years f satistactory as a means of serving 

has been rather con full plant requirements 
the company elec thorough investigation was con 
hores of lakes or chu eo; ng the economy and ad 
large quantities of wabill tT drilling rivate water wells 
be passed throug! t th int 8) There appeared to 
10 problem of wate ( economic ¢ age to the use 
vater disposal | ! I rivate ei Vi I the idea 
Plant, however, it be iS abandones : le uncertainty 
provide a water l water controls : denced by the 
rent from those n nvVotl l ) of litigation over the 
eastern plants llocatio f underground water rights. 
Brothers Co. } engaged fi ! irda) Nn ere 18 the added un 
ap synthetic det rtaimt! y] underground water 

etabl oil shortening i! 

production require ition to the problems of wate 
r, most of whiel ply onsideration had to be 


not consumed 


vallable facilities for d 
plant wer¢ Doss large quantities of water. In 
requirement of ¢ ebruary, 1949, it was disclosed by the 
requirement for 12 os Angeles uunty authorities that 
sanitary and process 
. plant into the sanita 

Planning :; 

system would be lim 


nsulting engineers started f 


fficial maximum flow rate 
lirement studies in 1948 ef Dy his, together with the 
service In I y bite Tt contaminated wa 


water sources | vty ’ ; 


county storm drain 
determined that the California a problem requiring 
r Supply Company, which serves  eomplet F of all expected 


area of the plant site, could furnis| vi s, and the development of a prae 
er to the plant at a maximum rat tical l econ cal method of dis 


000 @.p.m. at a cost of $200.00 pel 


lion gallons he plant would ples « plant te water were 
- Hammond, Indiana plant 

eeting 
Stadia, ti oe rc Ll r Brother oO. and analyses 


195 mad determine the character and 





WASTE WATER 


acceptability for discharge to the Los 
Krom 


these analyses it became evident that 


Angeles County waste systems. 


includ 
ing the cooling water, into the county 


to discharge any plant wastes 


would not be a 
satisfactory method of disposal 


storm drain system 
the au 
was decided that a 
alloeation’’ of untreated 
sanitary sewage could be discharged to 
Wastes in 


would be 


In further discussions with 
thorities, it “eon 
tinuous flow 
the county Sanitary sewer, 
this 


treated to meet the standards required 


excess of allocation 
for discharge to the county storm sewer 

It became quite obvious at this point 
that the treated waste water would be 
clean enough to re-use. The greatest 
quantities of water to be discharged 
were those used for cooling purposes, 
and these had relatively little contami 
nation to be removed. Based on these 
points, and the high cost of water, it 
was decided that an extensive system 
should be developed to recirculate cool 
ing water throughout the plant. This 
system should inelude a cooling tower 
and equiment to remove contaminants 


from the water. 


Water Utilization System 
The 


plant was arranged as follows: 


general water system for the 


1. The water supply was to be fur- 
nished by the California Water 

Service Company. 

A closed system, utilizing an in- 

duced draft cooling tower, would 

circulate 8,000 g.p.m. of cooling 

water 

The quan- 

tities of rain water from, roofs and 


discharge of normal 


roadways would be directed into 


the Los Angeles County storm 


sewer system, but in case of 
exceptionally heavy rainfall, which 
would cause flooding, an 
arrangement 


outdoor waste water 


emer 


gency valve would 


allow sumps 


to discharge into the storm sewer 


system. During normal opera 


UTILIZATION 1179 


tions 


there would be no flow of 
waste water into the storm drains 
Industrial water too 


taminated to be 


waste con- 
economically 
would be di- 
rected to the sanitary sewer 

All wastes 


cleaned for re-use 


toilets, wash 
basins and other plumbing fix 


from 


tures would be discharged directly 
into the sanitary sewer. 


The water circulation system was de 


veloped into a well coordinated ar 
rangement, 
to be 


classes a 


The large volume of water 
circulated was divided into two 

clean, uncontaminated wa 
in cooling jackets, coils, tu 
chill 


wherever the water does not 


ter used 


bular condensers and rolls, or 
come in 
direct contact with any product, and 
contamination is not 


pected 


generally ex 
and (b) water used in baro 
metric condensers and water that comes 
in contact with oils or fats so that it is 
normally contaminated to some extent 
or this 
necessary to provide some means for re 
the re 

Since 
the plant is divided into two sections, 
the Detergent Division and the #Hdible 
Oil Division, the classes of water were 
further 


second class of water it was 


moval of the contaminants in 


turn line to the cooling tower. 


divided into classes of clean 
and dirty water from each division 
To serve these requirements three 
separate water circulation systems were 
Edible Oil 
Detergent Division dirty, 
and (¢) Combined clean 
both The dirty 


tems were kept separate in order to 


established: (a) Division 
dirty, (b) 
water from 
divisions water sys 
allow independent recovery of the oils 
or fats which might be present. Com 
bining the clean systems was satisfac 
tory because contamination was ex 
pected to be slight 

The three 
through a single, 8-cell cooling tower 


Within the 


dividing 


systems were circulated 
there 


walls in the hot 


tower are conerete 


and cold 
basins to separate these three systems 


Make-up water is fed to the hot basin 
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of the clean 


two dirty 


tem, and make-up to the 
sections is delivered by over 
Overfl 


flow from the clean section. 


dirty section 1s to the 


Air 


Flotation Treatment 


lor the two dirty systems it was nee 
ary to provide equipment for the re 
moval of suspended solids in the form 
The air flotation 


waste 


of free fat and oil 


method of handling 
this type was recommended as a method 
which would produce a satisfactory 

ste water effluent 


of waste 


Typical samples 
water from a similar midwest 


ern plant were submitted for 


small 
scale performance tests by air flotation 
The results 


method 


were encouraging, and the 
as considered adequate 

kor materials which do not respond 
ufficiently to air flotation alone, chem 


CH are introduced to provide floes ula 


waters of 


TRIAL WASTES October, 1955 


tion The 
been avoided because they would ren 
der the recovered oil and fat unsuitable 
for use, and satisfactory performance 
has been obtained without them 

For the 


addition of 


chemicals has 


Detergent Division dirty 
vater system a 1,500 g.p.m. air flotation 
unit was installed, and a 2,000 g.p.m. 
was provided for the Edible Oil 
Division soth 


to the cooling 


unit 


dirty water system 
were located adjacent 
tower (Figure 1] An additional unit 
was installed in the Soap Division and 
one smaller unit each in the soap and 
edible oil processing departments. 

The Edible Oil unit oper 
ates normally on a flow of about 1,400 
g.p.m 


Division 


ot waste 


in fatty matter. 


which is quite heavy 
In some of the vacuum 
vessels in the Edible Oil Processing De 
partment, the oil is subjected to live 
This results in the 
entrainment of many particles of fatty 
matter in the vapors which are pulled 


steam stripping. 


FIGURE 1,—Air flotation units for the Detergent Division (1,500 g.p.m.) and Edible Oil 


Division (2,000 g.p.m.). 


Eight-cell cooling tower (left) handles all circulated water. 
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from in the 


The fatty matter seems 


the vessel and condensed 
cooling water 
to enter the cooling water in the form 
of rather large suspended particles 

hich respond well to the air flotation 
method of separation. Average operat 


ing results follow 


| 
Influ- | Efflu 
Item | 
ent | ent 


Per Cent 
Removal 


6,000 200 Sl 
5,000 200 


lotal solids p.p.m.) 

Suspended solids 
p.p.m.) 

Dissolved solids (p.p.m.)| 1,000 | 1,000 

Total fatty matter 5,900 1) 
p.p.m.) 


The air flotation process removes ap- 
per cent of the 
pended solids, and practically all the 
fatty matter. 

The flotation unit in the Soap Divi 


sion normally operates on a flow of 800 


proximately 96 


SUS 


g.p.m. of which is 
tically 


is little 


waste water prac 
free of oil and grease. There 
treatment of the oil 


and tallow in the soap processing, and 


vacuum 
there is no steam stripping. The water 
does accumulate some suspended solids, 
but the concentration does not build up 
to more than 1,000 p.p.m., 

In the cooling tower water there ts 
a build-up of dissolved solids as a re 
This is held below 
The fatty 
blow-down 


sult of evaporation 
2,400 p.p.m. by blow-down 
and B.O.D. in the 

high enough to 
isable to discharge the blow-down to 


the 


matter 
are just make it ad 


the sanitary sewer rather than 
torm sewer 


The 


tioned with phosphates to reduce scale 


cooling tower water is condi 
formation and with bromine to kill the 

A fairly quantity of 
sludge settles to the bottom of the inlet 


and outlet water sumps of the cooling 


heavy 


tower. This consists primarily of dirt 
and dead algae 


r fatty 


but it is relatively free 
each the 
and the sludge is 


The pH of the 


matter Onee 


year 


imps drained 


are 


removed to a dump 


WASTE WATER 
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water is maintained between 7 and & 


No pipeline 


{ 


of any type has been experienced with 


clogging or interference 
the free circulation of the cooling tower 
water throughout the plant. The cost 
of the e tower, the air flotation 
units and the water circulation system 


ooling 


is saved every three years by reduced 
water costs 

Krom the soap and edible oil process 
ing departments there is a_ certain 
amount of rather heavily contaminated 
waste water for disposal. This consists 


of floor washings, tank washings, water 
settled out of oil, neutralized acid oils 
ete. By skimming this water in reten 
tion basins and then passing it through 
air flotation 
of the 
render the water suitable for discharge 


into the 


units a sufficient amount 


contamination is removed to 
Los Angeles County sanitary 
flotation unit 
in the Soap Oil Process 


sewer lines, The small 

125 g.p.m 
Department and the similar one in the 
Edible Oil Processing Department han 
dle only about 6,000 gal, and 30,000 gal 
of waste water per week, respectively 

The 
water total approximately 10,000 p.p.m 
flotation 


operation 


solids and fatty matter in this 


as it passes to the air 


after the 
fatty 


unit 
The 


matter is more finely dispersed 


skimming 


n an emulsified state, which greatly 
reduces the effectiveness of separation 
by flotation. The 
charged contains about 1,000 p.p.m. of 
fatty 
finely 


about 


waste water dis 


matter which is practically all 
Normally 


of floatable oil 


dispersed there is 


“0 p.p.m 


Summary 


The Los Angeles County Sanitation 
District policy governing district trun) 
tates that 


Stes containing 


industries with 


sewers 
animal or vegetable 
oils or fats, mixed with other suspended 
difficult 


matter rendering separation 


may in cases be allowed 


some 
trations of floatable oil or grease up to 


2) p.p.a and dispersed oil or grease in 





ettling out of the dis 
B.O.D. has 


no 
matter. The 
onsidered eritical and oc 
ve substantiated this 
ation units mix te water irom a soap 
e oll manufacturing plant can 
plant "oO! processed for reutiliza 
total fatty matter and dispo by flotation separa 
vhnen it I t is same time con 
lines 


the 
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SUGGESTED CLASSIFICATION OF ALGAE AND 
PROTOZOA IN SANITARY SCIENCE 


By C. Mervin PALMER AND 


Respectively, In charge, Interference Organism Studies ; 
Water Supply and Water Pollution Control Research, R 


Sanitary Engineering Center, 


Many 
of real importance in the field of sani- 
tary Bacteria, molds, yeasts, 
protozoa and algae all play significant 


types of microorganisms are 


science, 
roles in relation to water and sewage. 
A limited number of them are patho- 
genic but the great majority are those 
that cause nuisance conditions in water 
supplies or are associated with sewage 


treatment and stream self-purification. 


Classification of Pigmented 
Flagellates 


Confusion exists in the literature of 
sanitary science in the classification of 
a considerable number of microorgan 
isms. The confusion is especially evi 
dent in dealing with certain organisms 
which are on the borderline separating 
algae of the plant kingdom from pro 
tozoa of the animal kingdom, where one 
investigator may classify a particular 


organism with the algae and another 


place the same organism with the pro- 


tozoa (1) (2 

The organisms most often involved 
known as 
pigmented flagellates which have both 
the 


in this confusion are those 


protozoan characteristic of being 
able to swim by means of flagella, and 
the algal characteristic of photosynthe 
sis made possible by the presence of the 
pigment chlorophyll. Thus, they are 
intermediate between typical algae and 
typical protozoa, and it would depend 
ipon which characteristic was empha 


WiLLiAM Marcus INGRAM 


gist, Water Pollution Control 
bert A. Taft 
Ohu 


and Biol 


USPHS, ¢ vat 


sized as to whether they would be listed 
the 


flagellate algae, or in the animal king 


in plant kingdom as swimming, 
dom as photosynthetic pigmented * pro 
tozoa. It is the authorities in the fields 


of protozoology and algology who are 


responsible for the existing confusion, 
since they have come to no agreement as 
to the the 
involved 


In 


among 


classification of organisms 


an attempt to resolve 


authorities concerned 


OPTIONS 
the 
an organism should have 


with 
characteristics 
in order to be classified as a protozoan 
the 


; 


Protista. was proposed by Haeckel (3 


or a8 an alga, a large group name 
Under it all protozoa and all one-celled 
together 


term ‘‘Protista’ 


algae were lumped without 

he 
ed general 
of little 


scientist 


distinetion has 
and 


the 


recognition 
to 


not rece} 


would be or no value 


sanitary 


Existing Confusion in Sanitary 
Science 


A recent 
teria’’ (4 


book, ‘‘ Water Quality Cri 
serves to illustrate the exist 
ing confusion in classification of micro 
organisms. The pigmented flagellate 
Synura is listed on page 170 as an alga 
and later $33 


P ) 
Ol page ” 


4s a protozoan 
Lackey (5 ‘* Protozoan 
Plankton a 


a Flowing Stream,’’ referred many or 


in his paper 


Indicators of Pollution in 


. ‘ ’ 
** Pigmented 


other phote uavnthet 


refers to ehlorophyll and 


¢ pigments only 
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Gonyaulaz cate 


responsible for 
sidere d only as 


yT sanitary SCI 
Dinobryon and nee who have gmented flagel 
protozoa. Hi aigae include Kehr 
; Hobbs 16 P Prescott (17 


Grinley and Katzin (18 


ites under the 


48 one group et al. (15 


Gainey and 
19), and Sorensen (20 Mod 


in the field of algology also 

Kuglena v this practice, including Fritse] 
Paramecium and Vorticella Smith (22), Tiffany and Brit 
nonpigmented protozoa ) a) and Prescott 4 
the pigment-contain 


eratium and Peridinium as proto Significance of Oxygen-Producers 
Thomas and Grainger 7), in their 


Rasta: , r the pigmented The relationship of microorganisms 
dail { tal eit if i i ‘ Leu 
ts Chlamydomona Urogle na including the Hagellate to 


Oxygen 18 
YyWnura, and Dinobryon, to 


a cla nf particularly significant especially when 


Mastigophora. Cox (10 considering their role in treatment of 


tream self-purification 
‘atio? lists t} fol] . Ihe amount of dissolved OxXyven 18 one 


, f the limiting factors leter 
Dinobryon, Euglena. U) i the limitin actors in determining 


Laboratory Control I wage and in 


inrelated nor th eed with which microorganisms 


| 
n parasite Enda ll bring about the 


modification of 
Hale 1] In recon vVare in reatment plant or 
req ured for eontr an vastes in a stream 
ten genera, includ IS med from re ilts 
‘ eners inelue 
ear to date. th; 
as, under protozoa h ( i hat 


¥ all organisms con 
mpigmented genera in taining chlorophyll and other related 
Bursaria and Ende Pigments are capable of carrying on 
Other pigmented flagellat. he process of photosynthesi In this 
Pand rina and Vol»ar Organisms remove carbon 
Chlamudom . ioxide and water from the ¢ nviron 
alee, Honkin ment and, in the presence of light. pro 
venera of chlorop! iuce OXygen and carbohydrates Much 
_ under protozoa in the oxygen 1s released by th 


ced from Hale 12 In into the 


organ 
water, whereas the earbo 


and Whipple 14 hydrate ] retained The 


photosyn 

mented flavellat: thetic ra sms are therefo 
In “Wa nized as Oxygen producers 

Nonphotosyntl 


netic organisms under 


f recog 


Synura 

is, all cor 0 no process by which oxygen would 
igments. ; be released into the water These non 
a discussion pigmented forms Carry on the proces 
along wi respirati in which the relationship 
rmented protozoan pat | carbon dioxide and oxygen are the 
wha histolyt al pposite that in photo yuthesis sines 


Pigmented fo, available oxygen from the environ 
dinium, PF ivaulaz an ent 


is utilized and carbon dioxide j 
The pigmented organisms 


in addition 
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to photosynthesis, but during the hours 
of daylight the latter takes place at a 
The supersatura 
with 
which is frequently encountered, is usu 
result of 


much higher rate. 


tion of natural waters oxygen, 


ally a photosynthesis. In 


darkness, with no photosynthesis taking 


place 
i 


the pigmented organisms behave 
n a manner similar to the nonpig 
mented, both groups using oxygen and 
When the 


sum of the effects occurring in a typical 


releasing carbon dioxide. 
diurnal-nocturnal cycle are considered, 
however, the pigmented organisms are 
recognized as oxygen-producers and the 
nonpigmented ones as oxygen-consum- 
ers. If and 
numbers, the oxygen-producers stim 


present active in large 
ulate oxidation of organic wastes by 
Both 


oxygen-producers and oxygen-consum- 


the oxygen-consuming organisms, 


ers, therefore, are distinct and impor- 
tant groups of microorganisms for the 
sanitary scientist to consider. 

This relationship of microorganisms 
to oxygen is also utilized as one of the 


UDASIC 


characteristies in their classifica 
tion. Typical algae are described as 
and the 


and 


oxygen producers, 


typical 


molds, protozoa, yeasts, bacteria 
as nonoxygen-producers or oxygen con 
sumers. The confusion in the classifica 
tion occurs when this characteristic 1s 


not given sufficient emphasis 


A Solution to the Problem 


W hen the 
producers are mixed together in a clas 


oxygen and non-oxygen 
sification, it is not possible to evaluate 
clearly their roles in water pollution 
problems. As has already been indi 
cated, this type of confusion is evident 
in connection with the classification of 
flagellates For the 


sanitary scientist, it would not be diffi 


the pigmented 


cult to overcome the confusion, because 
to him the oxygen-production of these 
organisms needs to be taken into con 


whereas their swimming 
little or 
The sanitary scientist, therefore, should 


logically 


leration, 


ability is of no importance 


group the pigmented flagel- 


PROTOZOA 


CLASSIFICATION L185 


the 
with 


with algae 


than 


lates photosynthetic 


rather the nonpigmented 
protozoa 

In actual practice it might be diffi- 
cult or impossible to recognize oxygen- 
production by individual organisms 
were it not for the fact that the visible 
characteristic of pigmentation is as 
sociated with that physiological phe- 
nomenon, These organisms normally 
possess the green chlorophyll and fre 
quently additional pigments in amounts 
sufficient to be visible under a 
pound microscope. The pigments are 
located within the protoplasm of the 
individual cells and can be seen to be 


com- 


localized within the cells of the organ 
isms in the form of one or more plastids 
The other pig 
ments which may be present in addi 
tion to the chlorophyll lend 
shadings of color to the plastids in the 


or chromatophores 


various 
cells. The shades most frequently en 
countered in the pigmented flagellates 
are and brown 


green, yellow-green, 


Examples of some of the pigmented 
flagellates with their plastids or chro 
matophores are illustrated in Figure 1, 
together with some non-pigmented flag 
ellates. It will be noted that, in either 
both 


types are to found 


group unicellular and colonial 

In addition to the sanitary scientist's 
need to separate organisms according 
to their oxygen relationship, it is de 
sirable from another standpoint to have 
all organisms grouped according to one 
recognized classification in order to 
eliminate the 
effort 


ming 


wasteful duplication of 
lor example, if the same swim 
pigmented organism is causing 
an undesirable odor in a settling basin 
at a water treatment installation in 
Iowa and at another in South Dakota, 
it 18 a handicap to have the organism 
listed as an alga at one place and as a 
protozoan at the other. Because of the 
presence of the photosynthetic pigment 
that all 


Coming to such an 


it is recommended workers 
list it as an alga 
agreement would do away with doubt 


that may arise in comparing effective 
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FIGURE 1.—Typical pigmented and nonpigmented flagellates 





ALGAE AND 


TABLE I. 


Pigmented, oxygen-producing 


sigal”’ flagellates 


Hemidinium 
Lepocinclis 
Mallomonas 
Ochromonas 
Pandorina 
Peridinium 
Phacotus 
Phacus 
Pleodorina 


arteria 

eratium 
hlamydomonas 
hlorogonium 
hromulina 
nroomonas 
hrvsococcus 
hrysosphaere IIa 
olacium 
ryptoglena Pteromonas 
ryptomonas Pyramimonas 
Pyrobotrys 
Rhodomonas 


Spondylomorum 


JYinobryon 
Jun tliella 
udorina 

uglena Synura 
utreptuia lrachelomon 
rlenodinium Uroglena 
sonium Uroglenopsis 
Volvox 


Wislouchiella 


rony ul ix 
(;ymnodinium 


Haematococcus 


control measures put into practice in 


each area, 


Nonpigmented Flagellates 


A second small group of flagellates is 


involved in the confusion over classi 


fication. A few nonpigmented, swim 
ming organisms are considered by au 
thorities to be so closely related to the 
pigmented swimming forms that they 
are often placed in the same groups 
with the latter rather than with other 

Included among 
flagellates, which 
the 
Astasia, Polytoma., 
Per 

Thus, an algologist would con 
these 


organisms 


nonpigmented forms 
the nonpigmented 
have been involved in confusion 
are such genera as 
Chilomonas., Kugle nopsis, and 
anema 
sider 


particular nonphotosyn 


thetic to be algae, just as 
protozoologists have considered 


flagellates to be 


many 
the pigmented pro 
tozoa 

Again, the sanitary scientist can set 
tle this problem for himself by placing 
all nonpigmented (nonoxygen-produe 
ing) flagellates with the protozoa, dis 
regarding the close evolutionary rela 
between certain 


tionship pigmented 


and nonpigmented forms. 


PROTOZOA C1 


ASSTFICATION 


Classification of Flagellates 


Nonpigmented, nonoxygen-product 


protozoan’ flagellates 


Mastigamoeba 
Mastigella 
Menoidium 
Monas 
Monosiga 
Noctilues 
Notosolenus 
Oikomonas 


(Anisonema 
Anthophysis 
Astasia 
Bicosoeca 
Bodo 
Cercobodo 
Cercomonas 
( hilomonas 
lautriavia Peranema 
Codonosiga Petalomonas 
Pleuromonas 
Polytoma 
Polytomella 
Poteriodendron 


Rhabdomonas 


Sphaeroec n 


( ithomonas 
Desmarella 
Dinema 
Dinomonas 
Distigma 
Eentosiphon 
Huglenopsis letramitus 
Heteronema 
Hexamita 


Hy wmoOgonium 


I repomonias 
1 ropidose \ phue 
Ureeolus 


Khawkinea 


Recommended Grouping of 
Flagellate Forms 


which follows 


Table | 


flagellates into two easily recognizable 


separating 


can serve as a guide to classifi 
those 
thus 


groups 


cation for working in sanitary 
make it possible to 


The 


pigmented 


science, and 
confusion 
the 
photosynthetic, oxygen-producing, ‘‘al 
gal’’ flagellates 
cludes the nonpigmented, nonphotosyn 
thetic 


overcome the existing 


first group includes 


The second group in 


sé 


nonoxygen-producing, 


flagellates 


proto 


zoan’ In a very few 


CASCS 
certain species of the genera in the first 
These particu 


need to be 


list are nonpigmented 


lar species would, of course 

placed in the second list 
Mors 150 

have 


States 


vyenera of flagellates 
for the | 


these forms 


than 


heen reported nited 


Some of are com 


paratively rare and are of little or 


no importance to sanitary scientists 


Others, however, are included among 
the microorganisms frequently encoun 
tered in water supplies or sewage, Or 
listed are limited to those flag 
which he of 


to the sanitary scientist 


VaATLISID 


ellates are considered to 


f 
Signineance 





Summary flagellates into the pig 


agreement exists among me! aigal and nonpigmented 
zoologists as to a definite 
cation between 
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BURSTING BUBBLES AND AIR POLLUTION * 


By A. H. 


Woods Hole Oceanographic Institution, Woods Hole, 


Photographie studies of small bub- 
bles bursting at the surface of fresh 
and sea water have shown that aerosols 
are produced through the breakup of 
minute water jets formed by the col- 
lapse of the bubble cavities (1). It is 
the purpose of this paper to show a few 
f these photographs as evidence of the 
nature of the bubble-jet-droplet mech 
anism, and to suggest that this mech- 
anism may cause bacteria to be ejected 
into the atmosphere from natural water 
The of the 


has centered around a study of 


surfaces author 
the 
meteorological role of bubble-produced 
aerosols. However, studies of bursting 


bubbles as sourees of natural aerosols 


interest 


have left a strong impression that these 
bubbles the weather conditions 
which produce them may be of con 
siderable significance in bacteriology. 


and 


Numerous studies have demonstrated 
the role of aerosols in the distribution 
of infectious and noninfectious bacteria 

2) (3), and in the transport of bae- 
teria by aerosols resulting from bub 
bling or splashing procedures in the 


laboratory ( j 


However, none of 


these studies of bubbles and air-borne 
droplets has indicated the nature of the 
mechanism of aerosol production by 
hursting bubbles, nor the fact that bub 


bling and aerosol production in natural 


} 


waters is a common occurrence asso 
ciated with a variety of weather condi 
tions. Accordingly, the author’s ob 


bubbles 


droplets may be useful to those work 


servations concerning and 
ing on the problems of the origin of 


air-borne infection and pollution. 


* Contribution 


No. 761 of the 
Institution 


Woods Hole 


iographie 


W< PODCOCK 


Mass. 


Bubble-Jet-Droplet Mechanism 


Figure 1 shows photographs of small 
bubbles forming jets and droplets. 
Similar photographs have been made of 
bursting bubbles 200 » in diameter. 
Upon bursting at the surface of sea wa- 
ter, bubbles of a size range of about 
20 to 2,000 » in diameter are observed 
to produce droplets of about 2 to 200 p 
in diameter, the larger bubbles forming 
the larger droplets. Each bubble pro- 
about five droplets which are 
projected into the air 0.1 to 15 em 
the surface (Figure 2), the 

bubbles projecting droplets 

The smaller ‘‘microscopic’’ 
bubbles produce, upon bursting, much 
smaller droplets than those pictured. 
The average diameters of the droplets 
produced when a bubble bursts are usu- 
ally about one-tenth of the diameter 
of the bubble 

At relative humidities commonly 
found over the sea, droplets of sea wa 


duces 


above 
larger 
higher. 


ter of this size will evaporate quickly 
to form nuclei of about 1 to 45 p» in 
Such fall 
and atmos 


diameter, 
0.01 to 
pheric turbulence 
them to be many miles 
hundreds of feet into the air (5) 


nuclei slowly 


13 em. per sec.), 


and winds cause 
and 
Nu 
clei from droplets produced at the sur 
lace 


ete 


carried 


of less saline waters (lakes, rivers 
would of 


hence have a lower settling rate 


course be smaller and 


Nature of Droplets From Jets 


Measurements in the laboratory have 
shown that the bubble-jet-droplet mech 


anism is effective in removing films 


from water surfaces. This is readily 


demonstrated by placing an oleic aeid 
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SEWAGE AN 


FIGURE 
and jet 
mm. ; 


1.—Stages in bubble collapse 
Bubble diameter 1.7 
time interval between top and bot- 
tom pictures 0.002 second. 


formation. 


FIGURE 2.—Oblique view of jet and 
droplets from 1 mm. diameter bubble. 
Diameter smallest droplet 90 x. 


film on a water surface 
bubbles 


a fine capillary 


under which 
introduced 
tube 

these bubbles 


to fall upon a clean water surface which 


small are through 
Droplets 


when 


pro 
duced by allowed 
has been dusted with Lycopodium, cause 
film 
place the powder in circular 


Similar 


a characteristic oleie acid to dis 


patches 
when 


droplets, produced at 


an uncontaminated water surface 


show no displacement of the 


podium dusted surface 


ly Co 
This simple 
mechanism 


experiment shows that the 


can remove liquid from exceptionally 
fact, the 


is useful in completely re 


thin surface layers In 
mechanism 
moving contaminating films from water 


surfaces 


Thus. aerosols produced by 
bubbles 


which are not 


materials 
bulk of 
from which the aerosol 


IS produced A 


small may contain 
present in the 
the water mass 


natural occurrence 


of this film-removing mechanism is in 
the ‘‘red 


Gulf of 


dicated later in discussing 


vater’’ phenomenon of the 


Mexico 


sinner the bubble-jet droplet mech 


anism removes materials from the su 


perficial film of the water in the lab 
oratory, it probably removes organic 
films present on natural water surfaces 


Whe n bubbles are 


waters, the nature of this film 


6) as well present 
in these 


and the number of organisms in it be 





ranie 
gani 


BURSTING 


those 


omes 


important to concerned 


with air pollution. 


Observations of Natural Aerosols 


There is that 
droplets, arising naturally from sea wa- 


ter 


increasing evidence 


surfaces, sometimes contain mate- 


other than water and sea salts 


rials 
i found viable marine bacteria 


} 
i 


osited 
the 


marine 


adi¢ 


il 
Zobell (3 
I 


on culture media exposed 


near sea, and suggested that these 
bacteria were carried by sea- 
water droplets arising from the break 
ing of waves 
these 
drying and exposure to sunlight 

During the - 


bloom 
over 


He showed that some of 
air-borne bacteria survive despite 


‘‘red water’’* plankton 
the Gulf of Mexico, 
discolored 


in the air 
the 
irritating to the human respira 


W oodeock (3) showed this 


sea water became 
quite 
tory tract 
irritation occurred only when bubbles 
vere present on the sea surface, and he 
was able to reproduce the effect in the 
laboratory by inhaling aerosols pro 
duced by small bubbles bursting at the 
surface of stored ‘‘red water.’’ 
Microscopic examination of the aero 
‘*red that 


surface much re 


from water’’ revealed 


sols 

their tension Was 
duced, compared to the surface tension 
of droplets of relatively clear sea wa 
ter, and that some of the droplets con 
tained parts of plankton organisms (9 

It was clear that the droplets from the 
bursting bubbles were acting as a mech 
anism for the removal of an irritating 
for the dis 


The 


agent from the water and 


persion of this agent in the air. 
ea water which to fish 
of the 


genus Gymnodinium, ser 


was toxic and 
contained 


the 


dino 


ref 


great numbers 
late of 


t It was suggested that the substance caus 
r the 
killing the fish might be 
d in the dre 
material It 
] 


respiratory irritation and, presumably, 
the 


yplets as a surface active or 


that 


k 
present in 
also si 


was 


iggested 


samples of this material might be obtained for 


0 


sis by filtering the aerosols arising from 
experimentally introduced) bubbles bursting 
+ +} 


he surface 


f attack 


of ‘‘red waters.’’ This mode 


upon the problem of isolating the 


BUBBLES 119] 
bulk 
tirely non-irritating. 

Evidence that the bubble-jet mech- 
anism may 


‘‘red water’’ was, however, en- 


produce droplets contain 
ing organic materials from the surface 
film of natural waters is reason to con- 
sider whether or not these droplets 
might contain pathogens. Zobell (3) 
(12) found no pathogens 


among cultures of a great many aerosol 


and Proetor 


samples taken at various altitudes and 
locations. However, there is no indi 
that of 
taken at a place and time at which such 
organisms might have been most con 
centrated 


cation any the samples were 


For instance, no one seems 
to have made a study of the bacterial 
population of with a 
directly 
downwind from a water area contami 
nated by though 
are known to contain pathogens (14 
Would aerosol samples taken in this 
manner contain pathogens? 

A study 
this question should be extended over a 
sufficient period of time to obtain re 
sults representing a variety of weather 
conditions which may effect the number 
of Some of these 
important the amount of 
sunlight, the relative humidity, and the 
amount of mixing within the air itself 
(15) (16) (17 The presence or ab 
sence of conditions which the 
concentration of bacteria in the surface 


aerosols taken 
modern impact sampler (13 
these 


sewave, areas 


which attempts to answer 


air-borne bacteria. 


factors are 


favor 


film and cause the production of great 


numbers of small bubbles in the 


sur 
face waters are significant. 


Bubbles in Natural Waters 


It is the presence of bubbles which 
is emphasized here, for it is this condi 
tion that causes a rapid transport of 
surface film waters into the atmosphere 
‘*red water’’ poison was not pointed out in 
the summarizing studies by Galtsoff (10) and 
by (11), though both 
authors concluded study of the liter 
that a toxic substance, produced in liv 


planktor is the of the 


Brongersma-Sanders 
from a 
ature 
ing 
mortality 


probably cause 
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vater 
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kor 
es falling into and n 

observed to i 
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imeter) ata rate of about 2 


ond. Many of the dro 


pif ts si) produced 
fall out of 
readily 


ST all to 


the air 
quickly, or to be 


washed 


Upon 


out 


gh impingement precipita 


ion particles 
The a 


i mel will aid bacter 


Xam pie thor hopes that thes remarks 
iologists in the investiga 
tion of the role of bursting 
10 to natural waters sources of air-borne 
‘ pathovge1 


bubbles in 


per second. If 
produces upon burst 
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SUGGESTED METHOD FOR REPORTING BIOTIC DATA 


Winttiam M 


Biologist, Florida State 
The use of methods in 
stream condition evaluation in recent 
years has been increasing constantly 


biological 


One phase of this activity badly neg 
lected by biologists is the problem of 
reporting the interpretation of biolog- 
ical results to 
fields Reports from biologists 
to engineers, chemists, and other tech 
nical personnel fall into one of two cate 


gories 


individuals trained in 


other 


These reports are either exces 
sively wordy dissertations on biological 
principals, physiology, life-history or 
classification of organisms, or they are 
phrased in the terminology of a primer 
Neither form is effective for the former 
is discouraging and the latter insulting 

[It is the purpose of this report to 
present methods of handling biotic 
data in which these problems may be 
minimized if not eliminated entirely 
These been in use in 
Klorida for a period sufficient for thor 
ough testing under a great variety of 


methods have 


conditions and have proved satisfac 
tory. 

The technical aspects of aquatic biol 
ogy are the problems of the biologist, 
not of the engineer directing his work 
who is interested in the interpretation 
of the biotie data. The bacteriologist 
reports results in terms of most prob 
able number and the chemist uses parts 
per million and a standard pH scale 
The biologist, however, has been with 
out a scale for use in reporting results 
or interpretations 

The biological the 
present report has been published else 
where (1 


background for 


Hlowever, a brief review of 


Meeting, Flor 
Industrial Wastes Aassn.; St 
Petersburg, Fla Nov, 8-10, 1954 


* Presented at 1955 Annual 
; 


la Px wage and 


Board 


Beck, Jr 


of Health, Jac nville, Fla 


the classification of organisms used in 
this method is pertinent. 
The methods 


based on 


Florida 
the classification of selected 


used in are 
macroscopic invertebrates (aquatie in 
sects, crustaceans, molluses and worms 
with regard to organic pollution. Class 
I organisms have been found to toler 
ate no appreciable organic pollution 
Class Il organisms will tolerate moder 
ate organic pollution, but cannot exist 
under conditions approaching or reach 
ing the 


anaerobic. The other classes 


need not be considered here 

Any generalities made in this report 
apply only to the macroscopic inverte 
Florida. It 


be pointed out that these methods are 


brates existing in should 
confined to fresh waters and encroach 
ing salinity has a marked effect on the 


fauna oO! a stream 


The Biotic Index 


Shortly after the classification of or 
ganisms was developed, it became ap 
parent that the inability to present bio 
logical data in form 


graphic was a 


major problem. In stream quality sur 
veys, values representing dissolved oxy 
ven, biochemical oxygen demand, alka 
linity, pH 
could be 
tively by 


most probable number ete., 
presented quickly and effec 
chart, while bio 
logical results remained discussional 


graph or 


On first consideration, it appeared 
that a single value representing faunal 
evaluation should be based on a com 
bination of the number of species of 
clean water 


(Class I) and 


the total number of species comprising 


organisms 


the fauna of that section of the stream 
There 


initial 


In question. 
this 


two 


was 


were 
attempt 


reasons 


why aban 
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rganisms, Application of a 
of two to the number of species 
of Class | organisms appeared both 
honest and conservative. The formula 


developed Vas 


Biotie Index 


the number of species 
greater than two would not 
zone of overlap and would 
to increase the range of 
could be occupied by the 
Che final calculation was 
hecked against the above-mentioned 
number of collections and 


atistac 


appeared 


defined 


alue based on biological 


index may be 
and indicative of the cleanli 
with regard to organic pollution 
of a stream or lake It 
any value ranging from 
about 40. The 


he aces pted without diseus 


lowest value 
cative of a clean stream is 
| polluted 


of zero, whereas a moder 


stream will 
lave an inde 
ately polluted stream will have a biotic 
ndex of 1 to 6 The 


tream with 


index of a clean 
monotonous habitat and 


velocity may range from 4 to 9 


Such situations, however, are rare and 
vhen they 
explanation is 


The follow 


Dinations producing a hbiotie index ot 


do oecur a relatively lengthy 
generally necessary 


ing tabulation of the com 


10 will demonstrate why this value has 


heen selec 1 as the lowest accepted 


vithout discussion as indicative of 


ean waters 


{ 
( 


, 
, 
(lean 


Improbable combinatior 
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REPORTING 


In the above tabulation, it will be 
noted that the first four combinations 
are unquestionably clean. Since there 
are only ten species of Class Il organ- 
isms and since many of these organisms 
in their habitat 
highly 
would 


differ widely require 
improbable that 
appear together 
and it would be virtually impossible to 
find all ten together. As a result, the 
only probable combinations producing 


ments, it 1s 
eight 


species 


a biotic index of 10 are indicative of a 
clean stream 
Discussion 

Figure 1 demonstrates the usefulness 
of the biotic index for the presentation 
of biological results in graphie form, 
The 1954 curve represents results ob 
tained before a pulp mill began opera 
Station 4, located 


possible pollution, serves as a control 


tions, above any 


station. The mill waste is discharged 
and 19, and the 
flow is from station 4 to 2 
Values for the B.O.D. in the polluted 
1955 
from a maximum of 173 p.p.m. at sta 
tion 19 to 18 p.p.m., at 
distance of approximately 8 mi 

Certain 
in the 


shows the 


between stations 4 


stream 


portions of the river in ranged 


station 2, a 


must be considered 
this 


comparison of 


factors 


use of index Figure 2 
results ob 
tained during a period of low discharge 
1952 


1953 


with a period of high discharge 

The behavior of the Escambia 
River is unique 
Florida This 
lood in} the accepted sense ol the word 


‘high’ 


apparently among 


streams river seldom 


difference between and 


a 


\ 


4 ® ® ® 


Ss9TraTrions 





FIGURE 1.—Graphic presentation of bio- 
logical results using the biotic index. 


BIOTIC 


D ® 


stations 


FIGURE 2.—Comparison of the biotic 
index obtained during high and low flow in 
the Escambia River, Florida. 


‘‘low’’ water in the Escambia is a mat- 
ter of increased or decreased velocity. 

During periods of low water there is 
a tongue of salt water which covers the 
bottom of the river from the mouth to 
a point the 
biotic index is calculated from the pres 


? 


above station 3 Since 


ence of freshwater organisms, it log- 
ically follows that only those organisms 
which can tolerate varying degrees of 
salinity can exist in the lower reaches of 
this river during periods of low water 
As the water velocity increases, the salt 
tongue is pushed back from the river and 
freshwater conditions exist even at sta 
tion 5, There was a significant increase 


in the biotic index at this station in 


1953 due to two main factors, Organ 
isms typical of upstream stations were 
washed 


typical 


downstream from their 


habitats 


more 
and survived in an 
area Where they could not exist during 
periods of low flow due to the salinity 
At low flow the chloride ion concentra 
tion may be as high as 12,000 p.p.m 
while during high water it drops to 5 
p.p.m. During periods of high water 
stonefly nymphs and barnacles may be 
found existing on the same logs at sta 
sight sufficient to shock the 


impassive biologist 


tion 5, a 
most 

Consequently increasing salinity 
produces a definite effeet on the biotic 
index. With all other factors remain 
ing constant, an increase in the velocity 
of a stream is accompanied by an in 
crease in the biotic index, while lower 
ing the velocity also lowers the biotic 
index 


In any proposed method, reproduce 
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to inorganic acids or to the fluoride ion, 
oth of which are present in appreci- 
able quantiti Evaluation of toxicity 
by means of the biotic index is being 


studied at present, and it is hoped that 


bio-assay work will begin shortly 
This index is not proposed as the 


TaT >ms 


final word in the methodology or re 
FIGURE 3.—Results of two biological - 2 5 
porting biological results However, 


surveys made at the same stations one year : 
it 18 a method that has proven espe 


ially useful in stream condition inves 


ults is a major considera rations in Florida 
of two biological surve; The biological methods used have 


ame stations on the With eral advantages They are both 


er one year apart ar ipid and inexpensive. Identification 


ms 18 a slow task initially, but 


ure 3. The river is mod of organi 
luted by eitrus ecannir becomes progressively more rapid as 
short dis the biologist becomes familiar with the 


i 


ng the stream a 
tation 2. The biotie inde fauna of the area where he works. If 
considerably at Stations Z these organisms are selected carefully 
hows evidence of the be vith regard to ecological and geograph 
covery at station 4. Th a stribution, the eventual list of 
close enough to indicate organisms need not be a 
ethods are reproducible yr By these methods a clean 
index is calculated from tream may be proven clean in 15 to 30 


of species Of organ 


in Inab lity to prove a stream clean 


with regard to organic pollu y biological methods constitutes evi 
} 


basic classification ignors pollution and polluted cond 


of pollution, of which tox I equire lengthier and more ear 
laps OF greatest importa il sampling since the collector must be 


hows that a major fauna ertain the sensitive animals are ae 


and have not been over 


occurring on the Alafia tually missing 


Basin where a rapidly expand looked due to haste 


phosphate processing industry 1 Both the basic classification of or 


lhe more sensitive species ranisms and the biotic index are useful 


throughout the year in Florida where 


lacking from station GB 
fauna present at station 4 ese organisms are present during all 
been almost entirely de Sampling done in January 


1955; and degradation to ‘fore, is Just as productive as sam 


noted at station 2 pling done in June 


whether this is dur 


Summary and Conclusions 


\ simplified method (the biotie in 
is proposed for reporting biolog 

cal investigations in connection with 
tream quality surveys. Reports using 
the biotic index may be made brief and 
ion-technical. This index is reprodue 
ible and is subject to interference only 
m faetors normally considered 
FIGURE 4.—Biotic index indicative of major environmental alterations by 


major faunal alteration on the Alafia River, biologist 


Florida author's belief that biotic 





REPORTING 


data are economical; are fully as im- 


portant as chemical and biochemical 
data; and have not been more widely 
used in stream sanitation work because 

the extreme wordiness and technical- 


; 


of biological reports. 
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PROFESSIONAL OPPORTUNITIES 


Ohio—The Ohio Department of 
Health invites applications from sani 
tary engineers and sanitary chemists 


for the following positions: Sanitary 


Engineer III, water supply 


develop 
Engineer II, 
pollution studies ; 


ment; Sanitary river 


basin water Engi 


neer-In-Training, river basin water 


pollution studies; and Sanitary Chem 
ist, river basin water pollution stud 
ies. Salary ranges are from $360 to 
$600 per month based on professional 
experience and education 

addressed to 


Inquiries should be 


Robert A. Ford, Personnel Officer, 
Personnel Office, Ohio Department of 
Health, Columbus 15, Ohio 

USPHS examinations 
for appointment of Sanitary Engineer 
Officers to the Regular Corps of the 
USPHS will be 
1] and 12, 1956 


he obtained 


Competitive 


held on January 10, 

Application forms 
the Chief, Di 

Personnel, Publie Health 
Department of Health, Edu 
cation Welfare, Washington 25, 
oe & Closing date for applications 
is Dee. 9, 1955 


may from 


vision ol 
Service 
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ACCIDENTAL? 


dent has occurred 
installation (reported 


his Corner This time 
iffered econd and third 
! nmed with 
vree Durn on the eXpo ed portion I . ; . — 
; ls, ral? 1 serewdriver \ 


is body Several weeks of hosp) 


; 


ne the lorage yard he tripped 
ization were required, not to mention wae f 2-inch pipe and fell, ram 
the discomfort and loss of work during ning the t f the serewdriver shout an 
the post-hospitalization period 
re undoubtedly many m: 
accidents at treatment tac 
that remain unreported due 
i publieity Kvery reader of the 


I 


“Looks to me like 


in left fiel MM n they eall 


Journal should take heed from the com 
ments of Robert D. Gidel, Senior Eng 
dent thought an aecident was a chance 


er, Industrial Department, National 

ippening l x pected, unintentional and 
atety Counel : ’ 
: vithout known or assignable cause. Didn't 


) ys. ‘ 
if Couldnt t 


hurt? 
know wi 
ie Joe eras would quit eallu 
aid, * i 1c rs acc , mayl ruys like me 
ing them 


nan Murphy, who blew 


Paper 


a eurve 


{ kno W himsel » using some flammab! solvent 


accident 
too, becau ( wi vil t hadn’ kil 


only you are re sponsible Tor 


the da 
20-foot ext ol your own safety in situations like the 
ie foot of Ol he ( entioned abov: So, lor your 
other foot or nerete own sake and those dependent upon you 
iched out to th q , mber Mr. Gidel’s comments be- 
hutter, and Dive : 
indertake work around the 
it-yourself job 
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OVERLOADED 


PLANTS 


PROBLEMS OF OVERLOADED SEWAGE 
TREATMENT PLANTS * 


By Harry 


Director of Public 


QOnee eve ry 20 years more or less. 


ery operator and city or 
with the 

sewage 
this 


will 


every 
district is faced 

overloaded 
Exactly 
urred last or 


anitary 
roblem of an 
when 


reatment plant 


iblem oc when it 

ur again depends on a number of 
factors—community growth, engineer 
ing foresight or effective plant opera 
Each 
relue 
tantly faces the probability of finane 


tion. It may be occurring now 


time it recurs, the community 


ing new treatment facilities in order 
0 prevent pollution 

There are many treatment plant op 
erators who can operate a properly de 
treatment rune 


than 


signed sewage plant 


tioning at less design capacity, 
although a high degree of skill is re 
quired to operate the plant most eco 
The true 


pable treatment plant operator or ad 


nomically value of the ca 
ministrator is determined by his ability 
to deal with a major problem such as 
overload of the 
He must be able 


presented by a_ basic 


treatment facilities 


to 


1. Recognize an overload problem 
preferably while it is still developing 

2. Initiate effective studies directed 
toward correction, by determining the 
basic treatment units involved in the 
overload 

3. Recommend or take a course of ac 
tion, while concurrently making a basic 
decision as to whether independent ac 
whether a consult 


ing engineer's opinion should be ob 


tion is sufficient or 
tained 

the financing author 
if expenditures of funds are in 


$+. Convince 
ities 


* Presented at 


rnia Sewage and 


1955 Annual Meeting, Cali 
Industrial Wastes Assn. ; 


Riverside, Calif.; April 27-30, 1955 


Works, Santa 


A. Tow 


Barbara, Calif 


volved, of the necessity for action, and 
effectively present the consequences of 
delay 


Basically, the operator or adminis- 
trator has two paramount responsibil- 
ities in the analysis and solution of an 
overload problem: (a) the prevention 
of hazards to the public health caused 
by pollution; and (b) the provision of 
treatment adequate for this 
at the lowest possible long-term cost 
to the community he serves. These re 
sponsibilities, though shared to some 
extent by 


purpose 


consulting engineers, com 


munity officials or responsible state 


control agencies, can be most objee 


treat 
ment plant operator or administrator. 


tively analyzed by the sewage 


If well trained and completely impar 


tial in his analysis of an overload prob 
lem, he is better able than any other 
individual to solve the problem effec 
tively and economically 


Indications of Overload 


Treatment plants do not 


ically become overloaded when the flow 


automat 


reaches and passes the magie number 
the design engineer has designated as 
**design flow Actual overload of in 
dividual process units may occur well 
before design flow is reached, or, de 
sign flow may be greatly exceeded be 
fore any real overload exists 
Revardless 


may 


of design eriteria, a plant 
be said to be overloaded when it is 
no longer economically producing efflu 
ent and sludge sufficiently stable to 
permit easy disposal without a health 
menace. It is not always necessary for 
the trained operator to wait until he 
has a continuing high coliform count in 
the receiving waters or drying beds full 
of sour sludge to recognize an incipient 





inert 


ealing 


| 
expiain the 


failure to act 


pliunitive ae 


aUTHOrIiLies 
junit 


are 


late 


rloaded 


ing, considerati 
capacitie and 
and plant seal 
be required t 
or to determ! 
approaching cé 


upon the experien 


etent con 


VZInNg 


r to study 
a consult 
is familiar 
le operator 


must 


are fully On 


n the sev 


rience wit! 


fall into 
under 


logically 


treatment problems 


treatment and disposal 


w hydraulie problem 


o0ard and pump capacities 


strial w * problems 


nature and 
problem, the 
administrator must 

rnate methods of correc 
t om If the selection 
include major plant ex 
apital investment the 

a consultant may not be 
On the other hand, if a con 
| i nvestment 1s required 
» the best 
problem, a 

engaged 

econom 

cnange 

legisla 
brunt of 


a 


1 costl 


Solutions for Overloads 


hort of major plant ex 
are commonly used and 


t be overlooked by the 
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operator, either as temporary expedi- 
ents or as long term solutions, include 
process changes, operation modification 
and control, control of plant influent 
characteristics and minor equipment 

Examples of 
basie overload 


replacements possible 
conditions 


may serve as the first step in the adop- 


solutions to 


tion of an objective engineering ap- 
proach to a solution of an overload 
problem. 


Sewage Treatment Problems 


1. Chlorination.-A temporary ex 
pedient at post-chlo- 
rination may permit continued satis- 
factory 


best, increased 
receiving water conditions in 
terms of coliform count when dilution 
alone will no longer suffice for treat 
ment of an unstable effluent 
facility. The 

increased chlorination must be 


from an 
continued 


over loaded 
cost of 
carefully balanced against the capital 


ized cost of more permanent improve- 
ments and the point of diminishing re 
turn noted, Sludge deposits, excessive 
algal growths and other problems some- 
times accompanying discharge of an 
unstable effluent will not be greatly im 
proved by increased chlorination 

2. Oxidation ponds.—If land is 
available, oxidation ponds may be uti 
lized for polishing an effluent that is 
after 


process units 


existing 
This is particularly true 


unstable treatment in 
of inland communities with high yearly 
Initial investments 
Units of 
this type should be a first consideration 


vaporation rates. 
are low if land is available. 
for plant expansion where proper cli 


matic conditions and 
permit 

3. Outfall Staffs of 
treatment facilities incorporating ocean 
part of the 


process may often greatly increase the 


available land 


modifications 


outfalls as an integral 
efficiency of plant operations and fore 
stall process unit expansion by careful 
study of lengthening the existing out 
fall facilities or installing modern dif 
fuser dilution 
Common practice in outfall installa 
tions in the past dictated installation 


sections for increased 
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of the outfall 
could be 


that 
reached 


pipe at depths 
most economically 
Less consideration was given to ade 
quate dilution or depths of submerg 
ence as is now possible as a result of 
increased knowledge of outfall capa 
bilities 

As a tem 


porary expedient where complete treat 


4. Chemical precipitation. 


ment plant expansion cannot be made 
when required, chemical precipitation 
will afford a reduction in 
B.O.D. 
chemical precipitation, 
will 
unsatisfactory 


sometimes 


suspended solids and Con 
tinued use of 
however, 
pletely 


standpoint. 


generally prove com 


from a_ cost 

5. Elimination of recirculating solids 
loads A common source of difficulty 
when treatment capacities approach or 
exceed maximum design capacities is 
the imposition of a heavy recirculating 
solids load upon the clarifier facilities 
It is often better at this stage in the 
treatment life eyecle to 
recirculation and discharge di 
rectly to the outfall facilities with ade 
quate chlorination to minimize effluent 
instability. Continued recirculation of 
the solids load serves only to affect 


plant avoid 


solids 


biological treatment processes adversely 
and to B.O.D. of the ef 
fluent prior to final discharge 


increase the 


It is essential that proposed changes 
of this nature be carefully reviewed 
with state or area health and pollution 
control authorities 

6. Process changes.——-The most feasi 
ble method of effecting postponement 
of major plant expansion is a change in 
treatment processes involving redue 
degree of treatment for 


plant 


tions in the 
which the 


signed 


was originally de 
These process changes may re 
sult in a higher degree of treatment 
than what the plant can produce using 
the original design processes at exces 
high rates of flow 


sively Examples 


are 


a. It has been found possible in some 
cases to increase plant treatment ca 


pacity by large percentages by elim 





aeration facilities lave to increase greatly the efficiency of di 
inadequate and utilizing the restion in existing tanks, thus provid 
pacity thus released for pr ing additional capacity without major 

ling. At the Santa Barbara plant expansion 
eatment plant total plant ca The new patented processes, as well 
Vi nereased from 6.4 m.g.d as the nonpatented operating methods 
mately 8 m.g.d. by suel now in effect in some of the larg: 
change, although cau plants, all emphasize increased and 


increase in suspended more efficient recirculation of solids by 


d the B.O.D. reduction means of pumping, gas flotation or sim 
he final effluent sulfide ilar methods In addition, careful 


large plants, where ade feeding of raw sludge at controlled 
quate laboratory eontrol can be main rates and solids percentages has dem 
tained and where thorough experimen onstrated its effectiveness in Increasing 
tal program CA be earried out COTl digestion efficiency The net result ol 
iderabl lecess may be achieved in the experimental work has been a basic 
enlarging plant capacities economically revision in current theories of digestion 
substit ing one of the other aera fficiene with proper control 
On processe for standard rate aera Increased digester capacity Can, In 
tion. Although a decrease in treatment favorable locations, be obtained by the 
effectivens up to 10 per cent may b ise Of open tanks for completion of the 
caused D ich a change, many rece! econdary dige tion process (as pro 
ing waters are adequate to complete t! duction is virtually completed in prop 
treatment process of these relativel erly operated primary digesters so less 
vell stabilized effluents with only ; xpensive open secondaries will cause 
minimum increase in the chlorination few odor or hazard problems except in 
rate It should be pointed out that congested areas. Any installation of 
several of these aeration processes ar this type must be carefully reviewed 
extremely delicate and require contro! vith the controlling health and pollu 
hich may demand more time and facil tion authorities before initiating con 
ities than are available at small plant truction. The design of open digesters 
Where filter media and clarifi hould also consider whether or not 
capacities are adequate, a considerabl econdary digestion or sludge concen 
increase in standard-rate trickling fil tration is the desired result 
ter plant capacities can be obtained b Careful control of the digester scum 
installing the necessary recirculation blanket is essential prior to considera 
pumps and piping, thus convertnu tion of the adequacy of digester ca 
standard-rate filters to high-rate tric! pacity Reductions of up to 50 per 
ling filter Once again, a slight d ent in digester efficiency can be caused 
ase in treatment efficiency over di y failure to remove scum blankets that 
sign efficiency for standard-rate filte: lave built up over a period of years 
may be ant ipated However, actua ive r scum should not be permitted 
erating results may be better tha ’ ' ccessive percentages of tank 
the year-round results obtainable \ 
tandard-rat: filters sine sloughin The immediate reaction to digester 
and similar ills are largely nonexiste difficulties of any kind is that a lack of 
ith high-rate filters digester ca 


pacity 1s the probable cause 


his assumption should be carefully 


uda reatrvir / i) sai 1 . 
je ment and Dispo checked by laboratory analysis of di 
Problems 


ester conditions over an adequate pe 


Modern digestion processes presently riod of time, to assure that sludge di 


being developed have made it possibl restion cannot be measurably improved 
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by an increase in the efficiency of nor- 
mal operation and eontrol measures 
The installed in 
most treatment plants may be adequate 


digester capacities 
for some time if the necessary piping, 
pump and operational 
established in 
with modern practice 


modifications 


controls can be aceord 


In some cases sludge disposal facil 


ities designed for small treatment 


plants have proved inadequate as a 
result of changes in the fertilizer mar- 
ket or the existence of difficulties in 
sludge treatment not 


original design 


envisioned in 
For example, sludge 
filtration plant facilities sometimes in- 
stalled in small or medium sized treat 
ment plants may prove difficult to op 
erate at a Actual 
facilities in 


reasonable cost 


abandonment of these 
favor of sludge drying beds, hauling of 
liquid sludge to nearby farm lands or 
sludge disposal through ocean outfalls 
In other 
cases minor modifications of installed 
facilities render them 
local market 
for fertilizer may require increases in 
sludge drying 


may sometimes be necessary 
may usable 
Changes in conditions 
facilities or conver 
sion to the disposal of liquid sludge. 
The treatment and disposal of digested 
sludge is not subject to analysis by gen 
but must be 
individually for each plant with rela 


eral precept considered 


tion to the facilities and market areas 
vailable 
Flow Hydraulic Problems 


NewWAade 


Treatment plants are sometimes 


faced with a lack of hydraulic capacity 
board during storm 


Inadequate free 


flows or daily peaks may be the con 


trolling factor in the timing of neces 
Several methods are 
total 
all should be carefully evaluated 
units are built for 
Among these meth 


ary eXpansions 


available for control of sewage 
flows: 
before additional 
this purpose alone 


ods are: 


1. Reduction of 
during 


infiltration 
by prohibiting storm 


sewer 
storms 
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drain connections and eliminating joint 
infiltration and manhole cover leakage. 
A policy of public education accom 
panied by adequate publicity and spot 
inspection may result in reducing il 
the 
Suecess generally can 
be obtained in redueing flow through 
manhole covers by closure of excessive 


drain connections to 


sanitary sewer. 


legal storm 


openings and by replacement of known 
sections of badly deteriorated line in 
with high ground water tables 
Excessive dry weather flow is some 


areas 


times caused by the connection of cool 
ing system waste lines to the sanitary 
sewer system. A program of education 
and the passage of a formal ordinance 
requiring recirculation of cooling water 
and prohibiting discharge directly to 
the sewer system may have a significant 
effect upon the total amount of flow to 
be handled 

2. Reduction of pump surges by in 
stalling variable speed pumps so exces 
sive surges are eliminated and 
plant flow systems can thus handle in 
flows without 
in basic flow capacities 


pump 


creased storm increases 


4. Separation of industrial wastes 
where heavy hydraulic demands are 
made on a sanitary sewer system and 
treatment plant 
treat the 


charge 


It may be possible to 
wastes separately or dis 


them without treatment and 
thus achieve more effective plant ca 


pacity 


Industrial Waste Problems 


In addition to the possibilities of sep 


arate disposal of industrial wastes 


careful 
are a 


many find on 


industrial wastes 


operators may 
analysis that 
major factor contributing to overload 
Two basic solutions to industrial waste 
overload 


problems are: (a) adequate 


pretreatment requirements and (b) the 


enforcement of controls on the types 


of wastes that may be discharged with 
out pretreatment. Sludge digestion, 
small 
and other biological processes 
can be badly disrupted by continuous 


activated sludge processes in 


plants 
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or intermittent discharge of industrial 
wastes on an uncontrolled basis. Even 
though 
trial 


pol 1e¢s8 1 most 


communities have indus 
ordinances, enforcement 
small communities ar 
notoriously lax Any consideration of 
should b 


a careful analysis of the 


treatment pliant expansion 


pre ceeded Pb 


ndustrial wastes and whether or not 
adequate treatment may postpone plant 
f pansion 


Summary 
An 


plant may 


overloaded sewage treatment 
not necessarily require ma 


jor plant or process unit expansion 


Careful analysis and effective actior 


HOUSE 


pe rintendent, Menlo 


Almost 
murabi of 


that 


4,000 years ago King Han 
Babylonia invented a sewer 


surprisingly enough lool 


20th Century counterpart, hav 
the 
ven incorp 
the bell 

clay 


While a 


accuracy ol 


q 


and shape 
rated a modified versior 
and 


Sane general 


SIZeC 


spigot joint and 


I ade ol 


tudy of history will confirn 
the fails 
said when 
backed up and 
royal bathroom. There ca 
t that the line did bae! 

of the best efforts and best 
have been expended in sol 
problem of the 


problem is just as real toda 


foregoing, it 
what Hammurabi 


new sewer 


obstructed 


l then 
The 
technique have been improved, but 


LJ 
byl 


Dp! em 


pipe, jointing material and la 


now to pre vent the 


yer Trom pe 


oming obstructed is stil! 


* Presented 1: 195 


fornia Sewn, and 


Annual 


Industrial 


Meeting (ali 
Wastes A 
Riverside, ( 1955 


April 27-30, 


INDUSTRIAL 
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by plant personnel can often solve over 


load problems by segregating these 


problems into 


l. Sewage treatment problems. 
2. Sludge 


treatment and disposal 


problems 

Sewage flow hydraulic problems 
Industrial waste problems 
By applying process conversion, flow 


control, equipment modification, and 
process control methods the problems 
thus segregated may be resolved. Im 
proved treatment at minimum cost may 
rye obtained 


more and 


service to the community 


economically, 
maximum 


assured 


CONNECTIONS—WHOSE RESPONSIBILITY? * 


W EBSTER 


District, Menlo Park, Calif 


unsolved. Of all the parts of a sewer 
the kitchen the 
clarifier, there seems to be 
nothing so apt to give trouble as the 
Whatever may be 
cause of the obstruction ; 
faulty joints or old 
is this connection where 
likely to 
alence of this trouble seems to 


system, from sink to 


secondary 
house connection. 
the immediate 
be it roots 

undershirt, it 
trouble 


an 


seems most oceur. 


The pre 
arise principally through improper or 
faulty installation, rather than any 
thing inherently defective in the mate 
rials used 

The 


tions are 


materials used in house connec 
also used in the construction 
The 
chief difference apparently is that sew- 
ers are generally 


if the collector sewers the mselves., 


and 
structed by competent professional en 


designed con 
rineers and contractors who work un- 
der favorable conditions, and the lines 
receive careful inspection. 
he all too often 
the indifferent product of a slipshod 


plumber. A plumber who might take 


presumably 


house connection is 
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real pride in the quality of his work 
insofar as the house plumbing is con 
cerned, may all too often look with any 
thing but satisfaction on the house con 
nection he has made. It is no wonder 


that this is true because cutting a 
trench in a busy street and making the 
sewer tap is at best a miserable job 
What with the street department clam 
the trench 
and the fire department screaming that 
they can’t get their trucks through, it 


small wonder the poor plumber has 


oring for him to close up 


but one thought—cover up the connee 
tion and let the property owner or the 

ver department worry later 

In some cities and sanitary districts 
the responsibility for making the house 
connection is that of the sewer depart 
This, it would the 
way to operate and the best 
vay of assuring that a good connection 
is made Fortunately, at 
least in certain areas of the state, the 
sewer tap is fast becoming a thing of 


ment seem, 18 


proper 


every time. 


the past. 
lots left 
in the newer ones the house laterals are 
run to the property line at the time the 
Qual 


under the conditions 


There are not many vacant 
in the older subdivisions and 


collection system is constructed 
ity construction 
prevailing at the time, is the rule rather 
the 
newer 


than result, 
the 


less than 


the exception, As a 
amount of maintenance in 
ibdivisions is considerably 
nm the 


older ones 


Whose Responsibility ? 


When a main line sewer becomes ob 
tructed, it is without question the re 
ponsibility of the appropriate public 
to correct the trouble. When 
the kitchen drain the 
property that it is 
either his or his plumber’s problem 
But the the 
house connection, and more properly 


agency 
sink refuses to 
owner recognizes 


when obstruction is in 
vhen it is between the main sewer and 
the property line, whose responsibility 
it then? 
Some cities and sanitary 
e the attitude the 


districts 


house lateral is 
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the exclusive property of one or more 
individuals, therefore publie funds éan 
not be expended in maintaining it. 
Other areas will provide maintenance 
only upon payment of a fee or charge 
for the work. In still other sections, 
the the 
public ageney and all maintenance is 


responsibility is assumed by 


provided without charge. No one can 
question that the house lateral belongs 
to the owner of the property it serves; 
it is his by right of installation or pur 
This 
can the expenditure of publie funds for 
Why 


should a public ageney be called upon 


chase being the case then how 


its maintenance be justified? 


to remove some foreign object such as 


a diaper which through carelessness 
has been admitted to the house plumb 
ing and becomes lodged in the house 
connection ? 

If all sewer obstructions were the re 
sult of carelessness, the question of re 
sponsibility would be simple. Suppose, 
however, that the obstruction is caused 
by some event over which the property 
owner has no control. Possibly the wa 
has 
Perhaps roots from 
the 


lateral or it has been crushed or dam 


ter company or the gas company 
damaged the line 
the main line sewer have entered 


aged by heavy vehicular traffic. These 
are all common causes of trouble over 
which the property owner has no con 
trol. Then too, consider the difficulties 
confronting an individual if he is ex 
pected to cut a publie street in order to 
repair the damaged lateral. 


lem 


The prob 
is not only diffieult but expensive 


Policies 
lor 47 years the Menlo Park Sani 


tary District followed the 
refusing all 


policy ot 
sewer lat 
this 
Explaining 


maintenance of 


erals Experience under 


pole, 
had not been satisfactory 


to an irate taxpayer just why the hous 


connection serving his property can 


not be serviced ean be a trying ex 
perience 
The policy of making a charge for 


the maintenance of house laterals would 
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on the ability of t! line. With a clean-out it is generally 

and would not be in the work of only a few minutes time to 

e publie interest. Fut clear an obstruction. When it is neces 

re the property own ary to perform a ‘‘dig-up’’ job this 

not afford to pay for 1 ‘vice is also provided without charge 

agency would a Those rtions of the house lateral 

rt a menace to the p ing \ iin a public street or ease 

ne areas the policy mi are considered, maintenance-wise 

iteral maintenance wh i ast, aS a part of the publie sewer 
ined that the obstructio1 stem and are treated accordingly. 

ome negligent action 01 The cost of providing this additional 

property owner : ervice has not been a burden on the 

rht well require the wisdor taxpayers as reflected in the tax rate 

in order to make a fair vhich has been eut from $0.36 per 

and seems unrealistic a hundred dollars assessed valuation in 

1951 to the present rate of $0.19 ‘Oo 


/ years the Menlo Par date complaints have not been received 


*} 
triet has followed the pol about using publie funds for the main 
ding maintenance for the tenance of private house connections 
tion between the propert nor are they anticipated. The public 
er This service 1s pr eems genuinely appreciative of what 
property owners without is being attempted Public mainte 
heen entirely satisfa nance y] use connections is some 
operty owner must pro thing which has worked well for Menlo 


out at or near the prope ark and heartily recommended 


CLASSIFICATION PLAN FOR CALIFORNIA OPERATORS 


of classification for posi The seope of this classification plan 
iment or private industry has been limited to the preparation of 
duties and responsibil tentative job descriptions for various 


ition so adequate infor grades of operators The problem was 


lable to management for to reeoncile the conflict of titles, duties 


of a proper organiz ind responsibilities into a few simple 


| 
Classification is the ob descriptions for an operator that 
ard lomieal organization vould be all inclusive vet workable and 


for job and wage in atisfactory to the operators. The pri 


onfusion and vagueness marv objective is to arouse interest In 
specifications a ce of classification as a means to 


investigation, em ‘ 1e position and salary of the 


work que tio 
itions involving similar bh descrit 
i > ¢ ‘’ ? 


sponsibilities may be cor 
olidated nder one job title thereb 


pa rts 


providin nlification of titles 1 | ( Great importance is at 
including adequate flexibility. Classifi tach o tl ti a position—un 

ition may be deseribed as an organ duly so 1 y cases. Employees may 
tional tool useful in establishing rank ride in the title or, if it is not 
of authorit wages and promotior ‘ir lil r it may engender dissat 


and as a recruitment aid. isf 1 and unsatisfactory work at 
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titudes. A variety of titles were found 


in current use, such as: plant operator, 
sewage plant operator, treatment plant 
operator, sewage treatment plant oper- 
ator and sewage treatment works op- 
erator. In the past 
practice of the operators group and 
more particularly the recently pro 
posed Sewage Treatment Works Opera 
tor’s Act (Calif.) the title 


treatment works operator’’ 


consideration of 


‘sewage 


was se 


lected as most acceptable to the opera 


tors group. The title is certainly de- 


enough; whether it is a 


**plant”’ 


Iptive 
‘works’’ or is of little conse 
quence. 


2. Job Definition—A general state- 
ment in short form defining the prin 


TABLE I. 


Operator I 


Under general direction 


OPERATORS CLASSIFICATION 


| nder 


PLAN 1207 
cipal job functions performed, includ 
ing the extent of the supervision re 
ceived or exercised, Since neither the 
definition nor the entire job description 
are restrictive the clause ‘‘does related 
work as required’’ is included to cover 
special assignments or emergency situa 
tions 


3. Distinguishing Features—This see- 
tion defines the level of difficulty and 
responsibility of each classification. so 
the characteristics may be readily dis 
tinguished 
particularly important 
bear the same title 

4, Examples of 


typical 


from each other This is 


when classes 


Duties—A 
functions or 


list of 
operations per 


formed by an incumbent, reflecting the 


California Operators Classification Plan 


Operator Ill 


general upervi Under direct supervision 


ition 


} Thorough 


of superintendent. Plans 


organizes and = super 


vises work 
In complete charge of 


operations 


budget 
inspections and 


Prepares annual 
makes 
recommendations, issues 
instructions, personally 
assists and directs diffi 


cult operations 


knowledge ol 

and 
practices of sewage treat- 
ment 


principles current 


Ability to plan 
direct 


Organize 
review and co 


ordinate work 


1 yr. experience in respon 


sible charge 


High school graduate plus 
2 yr. college. Qualifying 
experience may be 


stituted for college 


sub 


Works with ind 
directs group operations 


Sion 


Responsible for 


proper 
operation ol equipment 
and execution of stand 


ing orders 


Pupervises and instruct 


j 


operators, keeps log and 


time sheet, makes chemi 
cal teats nad 


ubmite 


routine re ports 


(jood knowledg ot treat 


ment process and 8¢i 


entifie principles = in 


volved 


Ability 


pervire iric 


to ¢ 


ordinates 


2 yr 


experience 


Do 
simple 


High school graduate 
arithmeti and 


chemistr 


Oper ites equipment 


makes minor repairs 


Operates equipment under 
direct supervision 


Operates equipment and 


makes minor adjust 


ments reads meters 
keeps records ind main 


tains buildings 


and 
grounds 


Ability to 


ment 


operate equip 
read meters, ue 


tools 


One year semi-skilled ex 


perience with tools 


r. of high echool, ability 


to read write and do 


simple arithmetic 





EWAGE A! 


and responsibility of Even the lowest classification of opera 
the position. All duti tor is considered a skilled position and 
cluded nor is it essential common labor should be classified under 
at all *s so included aetually be a title of lower responsibility 
erformed Edueational requirements are a 
» Minimum Qualifications — Min frightening hurdle for many aspirants 
qualifications comprise a most to advancement and for this reason are 
ersial section and one whiel kept to a minimum. A low classifica 
obably cause more dissention n will preclude salary increases 
r part. Knowledge and hile an upgrading of the position will 
b must be demonstrated open the way for advancement 

or oral examination The Committee was aware of many 
the statement contained i imperfections in the classification plan 
scription may be considered vhich is in a transitionary stage, and 
for examination Kurther that state licenses for operators is th 
ion of these qualification current objective. Classification as 
n the customary probation herewith presented should not conflict 
following appointment vith this objective. Perhaps the title 
requirements are factor Superintendent’’ should be reserved 
upon the difficulty of thi for those in charge of large installa 
responsibility the training tions in big cities where engineer train 
quired to become proficient in ing may be required In many smal! 
elements of the next higher posi cities the city engineer or street super 
In addition, sufficient time 1 intendent is actually the sewage treat 
to become acquainted with ment works superintendent since he 

iirements of the  positio exercises administrative jurisdiction 
training, education or actual Tabulation of the qualifications for 
e of the duties under sub the three grades of sewage treatment 


temporary appointment works operators is given in Table I 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


s compare with tl 


large 
of the 
requ at 


A 8oclia 


Annual Report of the Galesburg (Ill.) Sanitary District Sewage Treatment 
Plant (1953 and 1954) * 


Superintendent 


Approximately 100 m.g. les trength was 24 per cent greater. Flow 
vas treated in 1953 as a result in 1954 showed a decrease of 6 per cent 
The average ver the preceding year and was ac- 
> For , companied by an increase in sewage 
25 y, 1953 trength of 10 per cent. There was no 


low average rainfall 
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TABLE I.—Summary of Operation Data for 1953 and 1954 at 
Galesburg, Ill, Sewage Treatment Plant 


Average 
Item 953 1954 
Connected population a ; sf 34,000 
Equivalent popalation (B.O.D 36,379 
Rainfall (in 
Interceptor flow (m.g.d.) 


Sewage receiving primary treatment 


Sewage receiving secondary treatment 
Screenings (cu. ft. per m.g 
Grit removed (eu. ft. per m.g 
Seum removed (cu. ft. per m.g 
pH raw sewage 
pH final effluent 
Susp nded solids: 
Raw (p.p.m 
Settled (p.p.m 
Filtered (p.p.m.).. 
Final (p.p.n 
Reduction (%) 
Raw (lb./eap./day 
B.O.D.: 
Raw (p.p.m 
Settled (p.p.m 
Filtered (p.p.m 
Final (p.p.m 
Reduction (% 
Raw (lb./eap./day 
Filter loading 
B.O.D./aere ft. Clb 
B.O.D./1,000 en. ft. media (lb 
B.O.D./eu. yd. media (lb 
Primary sludge 
Total solids (% 
Volatile solids (% 
Secondary sludge: 
Total solids (% 
Volatile solids (% 
Digested sludge 
Total solids (%) 
Volatile solids (%). 
Gas production 
Cu. ft. per lb. Total solids to digester 
Cu. ft. per lb. Volatile solids to digester 
Cu. ft. per m.g. raw sewage 
Operating costs (#% per m.g 
(ras engines 
Pay roll 
Power 
Trucks 


Laboratory supplies 


New tools and equipment 
Re pairs 

Office expense 
Insurance , 

Care of grounds 
Miscellaneous 


Total] 
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immediate accounting for the 55 per cent hauled wet to pasture 


e in flow. lagoon. 


efficiency was approx 12 
cent better in 1954 
was treated by 

6 m.g.d tric} 


per cent discharged to lagoons 
and dried 

33 per cent discharged to drying 
beds. 

r plant 
Dy olids removed totaled nearl Routine maintenance 


of equipment 
1.000 tons, and 


gas production was ap consisted principally of cleaning, paint 

9 600.000 eu. ft Onera ing or overhauling \ new impeller 

vas-engine pumps continued as installed in 1953 on the sewage 
a net saving In power cost lift pump 

over $4,000 Digested sludge wa Plant 

iandled in 


I operating data for 1953 


are immarized in Table | 


| 


the following manne1 


PLASTIC JOINT FOR CLAY SEWER PIPE 


Improved methods of joining clay vith new inyl chloride polymer * 

ve been under study for molding compounds that permanently 
ral yea! One of the development eal joints between lengths of pipe 

to facilitate the job, which is often time he 


new compounds are supplied in 
mMmstning and laborious 


is a pr quid plastic form to clay sewer pipe 


molded pla tie ring manufacturers who process the mate 


Completely root-proof, watertight *“«Koroseal’’ brand polyvinyl chloride, 
lay sew ipe lines are now possibl nufa ed by B. F. Goodrich, Ine. 

“a 

= 


FIGURE 1,—Plastic 


rings molded permanently to the bell and shaft ends of clay 
sewer pipe 





PERFUMED WASTES 


rial into tough but flexible sealing 


rings 
The finished joint is not affected by 
chemicals, and acids 


alkalies encoun- 


tered in underground service. For ease 


of installation, the molding materials 
are made to remain flexible at low tem 
peratures, yet firm in hot weather. 
Development of this polyvinyl chlo- 
ride compound was undertaken by B 
kK’. Goodrich in cooperation with lead 
ing manufacturers in the sewer tile in 
dustry who created new manufacturing 
techniques to produce the new seals 
economically, 
the 


plastic 


receive 
the 
molded permanently at the ends of each 
At the shaft 
end of the pipe, a ring is molded to the 
at the bell end of the 
a ring is molded to the inside sur 


( ontractors new 


pipe 


vith rings of material 


section (Figure 1) 


ri} 
pipe 


outside surface ; 


pipe 
I 


1211 
face of the bell. When the two ends 
are pushed together, the rings squeeze 
tightly against each other to form a 
mechanical, compression seal that is re 
ported to remain effective far longer 
than any other known pipe-joint seal 
ant 

This method 


should reduce costs by simplifying in 


new pipe jointing 


stallation. Only a few seconds are re 
quired to join pipe with a permanently 
effective seal, Material and labor costs 
involved in caulking joints by conven 
In addi 
joints are assured 


tional methods are reduced 


tion, good under 


difficult construction conditions 

Clay sewer pipe manufacturers li 
censed to use the new rubber joint are 
producing pipe so equipped in diam 
eters of 4-, 6-, 8 


, and 12-in., with plans 


to make pipe up to 36-in. in diameter 


PERFUMED WASTES * 


By O 


fvon Pi 


Perfumed odors from a sewage treat 
ment plant and still there were com 


plaints. Sewage treatment’ facilities 


have been blamed, rightly or wrongly, 


for noxious odors but not often for 
This complaint originated 
at the primary sewage treatment plant 
of the Village of Suffern, N. Y 
Occasional trouble had been experi 
enced emulsified fat 
caused trouble in separating the solids 
the There 


complaint of perfume odor, as this did 


sweet odors. 


due to which 


from water never was a 
not affect plant operation 
The 


North Jersey 


the 


Was 


started when 
Water 


granted permission to pump water from 


complaint 


Commission 


* Presented at 5th Joint Meeting, 
Industrial Wastes 
Sewage and 


Albany, N. Y.; 


New 


York Sewage and Assn 


ind New 
Wastes 


1955 


England 


Assn ; 


Industrial 


June 13-14, 


DAVENPORT 


\\ OODS 


duc (a, Tne., ai 


the Ramapo River at Pompton Lake to 
their Wanague 


odor Was 


Reservoir A sweet 
the Odor 
tests were run and the sweet odor was 
traced Pompton the 
Ramapo River to the Suffern treatment 
plant industrial 
Avon Produets, Ine 
the source of the odor 

At this time, Avon Products 
discharging the wash water from manu 


noted in water 


from Lakes up 


where wastes from 


were tagged as 


Inc, was 


facturing 
into the 


kettles and filling machines 
This 
consisted of cosmetic 
bath oils, toilet 


ingredients, 


Suffern sanitary sewer, 
wash water 


creams, lotions waters 


and cosmetic many of 
which form stable emulsions even after 
considerable dilution 

To establish the 
water requiring deodorization, the wash 


the 


quantity of wash 


water lines were separated from 





Rami po River 


re ports ol 


makes the 
Hlowever, the 


industrial wastes 
the 


The determina 
treatment proce 


amount Of waste water per 
aste water 1s 


and the pil ad} isted elas . 1] : 
of lim Aluminul one Pee y: "ei could be estab 


considerable study so 


rs determined 
. ' fter th , were started the 


da floe | formed 
} 


ad an odor 


an air flotation a , 
1000 enh Activ: j ‘ ‘ I ! re plant by the 


d to the clarified wa ollowln Monday The odor was dé 


| overnight. The wast ‘oyed by the use of hypochlorite. An 


ed through a filter of 4,000 g p.d. 18 treated 


nress 


' 
eous earth as a filtering cal cost is $11.32 and the 

a holding tank receives tl ibor cost 1s $15.64 { ost of the equip 
A check is made fi ment and building was approximately 


atisfactory the effluent $45,000 


TIPS AND QUIPS 


Another Gas Explosion portions of his body required several 
= veeks hospitalization 
CAKING vas ' “1 “ 
When will responsible officials learn 

ive conditions In @ san 

‘ pre ie protection for operating 
system—this time in a lift 1 | f = ' 
personne by urnishing adequate 
it Imperial, Neb. As reported ea, % 


equipment, sufficient assistance and re 
| Orrell, the superintendent 


quiring periodic inspection and prompt 

iad occurred at various loca 9 . om 
repair of sewer systems? This question 
ity gas main over a period 
I 
f three months. Little attention had 


» the trouble until a larg 


may not apply to Imperial, but it is a 


erious one In too many sewer systems 
in gas accumulating 
wet well 


vas, Orrell entered 


Detergent Grease 


: detergents in sewage 
service the equip . 
" { : treatm pla have been discussed 


odor of gas he de 


the wet well When 


) 


pro and co but not much has been re 


vorted on the effects of detergents on 
plug was detached ystems and pumping facilities 
and the interior received 3 Federa 
envel ‘*detergent 
thre proble anitary sewers 
was blown out and lift stations rease f In. to 


other and larger in. long in the 6-in. and 8-in. laterals 
he rolled on the groun: have presented maintenance problems 
s flaming clothing. Se Removal by rodding or flushing is quite 


rree burns on expos difficult 





TIPS AND QUIPS 


An appeal is made to operating per 
sonnel and others who have any ideas 
‘experiences on this problem. Please 
send your comments to the Operator’s 


(Corner 


Reflective Signs 


Signs offer visibility and immediate 
darkness when 
strike the reflective 
‘*Seotchlite’’ 
reflective sheeting. The 


bead sheeting is backed by non-corro 


lentification during 


flashlight 


beams 


made of brand 


surlace 
colored glass 
sive aluminum, plywood or other mate 
rials 

(se of the colored signs aids in quick 
spotting of first aid equipment, fire ex 
tool tele 
phones or explosive equipment There 
limit to for the 
Overhead structures, narrow 


tinguishers, lockers, exits, 


is no ingenious uses 
sheeting 
doorways or steep stairways can be out 
lined to call attention for caution—in 


darkness or light. 


Flexible Nipple 


Where piping misalignment, moder 
ate vibration or pipe movement due to 
expansion and contraction is a problem 
an all bronze-brass flexible nipple is 
The flexible 
seamless tubing has deep an 
that 
bending or 


a ailable. portion of 


} 
Iron ze 


nular convolutions permit easy 


tretching, compressing to 
fit available space. Standard units in 
a wide range of sizes have a union fit 
ting on one end and a male fitting on 


The 


plumbing 


opposite end. nipples are 


ilable through 


olesalers 


supply 


One-Piece Hose Clamp 


shaped folds 
or lugs can be slipped over a piece of 
hose 
The 


squeezed 


A circular clamp with U 


crimped in 
the 
with a 


and quickly place 


sides of lugs are 


parallel 


together pinchers. 


Lasting and positive clamping action 
is reportedly assured under extreme in 


ternal hose pressure, hose movement 


FIGURE 1 


and tough usage, Simply snipping off 
the lugs removes the clamp 
the 


diameters of 


Kvery clamp 18 marked with 


minimum and maximum 
the 


plicable 


hose or tube for which it is ap 


Economical for field use, the 
clamp is available in sizes from %4-in 
to 2 %-in. Supplier is Cirele Clamp 


Corp., 39 Broadway, New York 6, N. Y 


Soak It Up 


idental paint, or 


around the sewage treatment 


Ac 
spillage 


grease water 
plant can be quickly cleaned up using 
an all-purpose mineral floor absorbent 
According to a recent release The Tru 
Sorb ( orp 


Bridgeport, Conn. claims 


improved absorptions of 25 to 200 per 


cent The new absorbent is 
bustibl 


floors 


non-com 


harmless to clothing and 


and is chemically inert 


Sealing Joints in Large 
Concrete Pipe * 


Neoprene sleeves that overlap the 
joints of conerete pipe reportedly pro 
uple answer to a serious leak 


len A 


pipe had developed numerous leaks at 


$6-in. concrete header 


Notebook, Jun 


Nemours and (re 


mm Ne opre ne 
‘ont de 





e joints origina ‘ombines 
troweling compou Uuminum 
irred when the t It is reported 
the grooves in ma! { ea three times as resistant 

ited gal 


lard 


I as standa 


ration from a nearby 
hastened the 


sheets 
vere repaired ¥ Western Pennsylvania Operators 
lc caulking compoun Section Organized 


el Leaking beva 
ie impetu of the clean streams 


ately due or adhe a 
nrogra n Western Pennsylvania has 
rmation of a western see 
re and industrial wastes 
akin wr ; msored by the Pennsy] 
. , i Sewat and Industrial Wastes 


us firmly in 


that the joints have 


itional meeting attended 


raniZa 


more than a year wi ! 
yy yperato was held on May 24 


the Allegheny County Long 

Saf I vage ‘Treatment Plant ive 
patetygrapns , , 
yeral ivs are scheduled per year and 


\ afetygraph provi an invitation to join has been extended 


n 0 all operators in the 


or training western part ol 


t on first aid { state 
Bleeding illustrat Officers el 
Tl the field y> , 
President: Frank Varner, Altoona 


, 


ior Burn ! ‘ > , 
Ist Vice Pre ide nt: J N. Havgerich 


{ 
burns a Ve ‘ 
’ :; Grove City 
tne (In ana eye >. } | 
nd Vice-President: Jim Volk, Penn 


ft ured Pe 
/ l'ownship 


Secretary: John Yenehko, Greensburg 


common industria S 
Treasurer: King Hendrickson, Beaver 


sportatiol Ol rie “ 
| Falls 


rraphs are spiral-bound 
ie ay Orators 


n. and 
As the sewage treatment plant opera 


itions of more and more 


or rises to po 


sponsibility he is frequently called 


ipon to speak to both technical and lay 


rroups. To assist the operator in this 
sometimes unfamiliar role, a_ special 
Aluminum-Coated Steel ession in public speaking was « 
to advanced operators at the 25rd An 

ial Short Course on Water and Sewer 
age held at the University of lorida 
May 30 to June 4, 1955 

Graduate students in the Speech De 


if the | niversity served as 


ffered 


not 


where 


sufficiently corros 


standard galvanized coating partment 
T groups of opera 


instructors to small 
ions were well received 


adip aluminum tors The sessi 
been introduced ind elicited much favorable comment 
he participants 


yr. of testing. Know 





Reviews and Abstracts* 





Investigations on the Dynamics of Aera- 
tion—Effects of Some Surface Con- 
taminants. By A. HoLroyp anp H. B. 
PaRKER. Jour. Inst. Sew. Purif. (Brit.), 
280 (1952). 

A laboratory study of the effects of five 
elected surface-active agents (Turkey Red 
oil, Commercial Teepol, Commercial Lissa 
pol-N, sodium oleate, and beutonite) on the 
dynamics of aeration led to the following 
oneclusions: 

1. The rate of transfer of oxygen through 
an aeration surface is greatly influenced by 
the fluid 
jacent to that surface. 
rate, f, 
bubble 


and certain stagnant film surfaces 


water ad 
Estimations of the 
for dif 
heaving 


flow conditions in the 


transfer have been made 


fused air surface, water 
urtace, 
including still water surface. 
2. With addition of certain contaminants, 
» changes in f vary considerably with the 
‘haracter of the aeration surface. 
3. Teepol, Lissapol and Turkey Red oil 
ad the most important observable effects 
aeration. Sodium oleate proved too 
reactive and unstable under the conditions 
of the experiments for reliable measure- 
ments, but indications are that soaps also 


would behave towards aeration like the 


ore stable surface-active agents. 

The Treatment of Gas Works Liquor in 
Admixture with Sewage in Percolating 
Filters. By W. H. Buacksurn, T. G. 
lOMLINSON AND T. H. 


Inst. Sew. Purif 


SuMMERS. Jour. 
(Brit.), 368 (1952). 

lot and plant-seale investigations of 
gas liquor constituents on the bio 
cal oxidation of settled sewage showed 


igist 


addition of the liquor in 0.5 per cent 


centration by volume caused significant 
The 
filter ef 


addition of 


oration in the effluent quality. 


deterioration on small 


was caused by 


quality 
» crude liquor fractions, one containing 
* Pleas 


might be suitable for abstracting in 
epartments, 


‘ 


ns are particularly desired. 


send to Federation headquarters all periodica 
rnuis J 
stream pollution control agencies 


Address such material! ede ion of 


thiocyanate, amn 
substances 


ionia, and certain organic 
s, the other containing carboxylic 
and “humie” acids. Fractions containing 
polyhydric phenols were more deleterious 
(by O.A. test) than those containing mono 
hydric phenols, but the effect of all 
tions on the effluent B.O.D. was similar. 


Hq. P.O 


frac 


The Starting-Up of Bacteriological Fil- 
ters at the Klipspruit Sewage Disposal 
Works. By L. FE. Tucker. Jour. Inst. 
Sew Purif. (Brit.), 411 (1952). 

The settled sewage as applied to fou 
100-ft filters 
media contains a high percentage of indus 
The 4-hr. O.A 


Loading of two filters 


containing Z4-in 


diameter 
trial wastes and is septic. 
p.p.m 
at 200 g.p.d. per cu.yd 
after 4 weeks to 100 
eu yd because of effiuent 
An additional 13 weeks of 
reduced rate produced a 
fluent about 70 
O.A. test. The 
loaded at 50 g.p.d. per eu.yd., which was 
increased to 80 after 12 weeks. After the 
16th week these filters were producing an 
effluent of approximately the same quality 
as that of the other filters. B&O, 


average 105 
originally was re 
g.p.d. per 
deterioration 
dosing at the 
well-nitrated ef 
the 


were 


duet d 


per cent oxidized by 


other two new filters 


Synthetic Detergents and Their Effects 
on Sewage Treatment. By James Mo 
GILL Jour. Inst. Eng., 53, 123 
(1954), 

This 
briefly 
detergents, outlines 


San, 


comprehen ive literature review 


describes and classifies sy nthetic 


the theoretical difficul 
and expected, the difficulties 


ties dangers 


anticipated as a result of laboratory or 


large-scale 


experiments, and the effects so 
far experienced in Southwest England, In 
similar to 
times in the 


a. F. ©. 


general the observations were 


those already deseribed many 


literature. 

letins special re ports, ete., 
health 
insti 


ications of publie 


research org itions, and educational 


Sewage and Industrial 
| 


Wastes Assns., 4435 Wisconsin Ave., N.W., Washington 
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of Stream 
yllution 


Interrelation 


Stream Px By C 


HARLES 
DAVI ) MiILo A “© 
Pro { sep. No 


HURC! 
WAG | 


edim 
effects 
reductior 
rowth, 
coneentrations. B 
The depleted ox 
’ le | wate 


tretches 


po 


water has 


immediat 
irther ution sours 
not had 
iheient 


An Automatic Sampler for 
tent Flows of Water. By R. 
iment pP ractice 8, 


Intermit 
WiILKI 
$14 


iutomatieally sample 


zwe8 & O-min, samplir 
followed b 
flow fall 
\ total of 36 sample 


mechanism Mm Fr. 


hour, 


below a 





BOOKS, REPORTS, 
AND PAMPHLETS 
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Regulation and 


uf 





Report of Water Pollution Study, Mahon 
ing River Basin. San. Eng. Div., O 
Department Health, 
(Oet., 1054 


Columbus, hi 


Report No. 37. 


Control Cx QO) 


Progress 


Washi 
yiipia, Wa h 
(1955) 

Chis 


NOV embe I 


repe rt the pel od June 


L054 


Water Pollution Control Report for 1954 
Water Poll. Control Div.., 


{f Health, Atlanta, Ga 


(ieore ia Dept 


(1955 


16 pp 


Water Kansas. 


sources act | 


Kansas Water Re 
and 
216 pp. | 1955 


lk nsi state Leg 


inding 


e, K ANS 


water 


vey o 


I 
ineluding recommendatior 


Research 


Tentative Standard Specifications for Ce 
ment-Mortar Liming of Water Pipelines 
in Place—Sizes 16 a and Over. 
AWWA 0602-541 Amer W ork 


Assn $0.25 1954) 


ate r 
Price 


1954 Annual Report. Interstate 


tion 


Sanita 
York, N. Y 


Commissior New 


1955) 


Report on the Investigation of Leaching 
of a Sanitary Landfill. Publ. No. 10 
State Water Pollution Control 


amento, Calif. (1954). 


Board 
paer 


36th Annual Report of the Commissioner 
of Public Works of the City of Fitch- 
burg, Mass.—1953. By J. M. 
(1954). 


PEIRC! 


Cumulative Index to the First 15 Semi 
annual Reports to Congress 1947-53. 
U. S. Atomic E) Supt 
Doe., U. S. Govt W ash 
ngton, D. ¢ 118 pp 
(1954). 


ERGY COMM 
Printing Office, 


Price, $0.35. 


17th Semiannual Report of the Atomic 
Energy Commission. U. 8S. Govt. Print 
ing Office, Wa rton, D. ¢ 138 pp 
(1955) 


hing 


American Standards. 
Assn 9 iu Ke 
N. Y. (1955). 


Amer. 
th St.. New 


Standard 


Y ork 17, 


Advanced Base Water Supply and Sanita 
tion. U.S. Naval Civil Eng. Re 
and Evaluation Lab., Ps 


Calif. (1953). 


earch 
rt Hueneme, 


Sewerage Guide 
Health, Jack 
(1954). 


State Board of 


76 pp. 


Florida 
Fla. 


ksonville, mimeo 


for preparation, submission, 


‘ 


ol project for ‘ 


Flos ida 


werage 
ace treatment in 
Gas Piping and Gas Appliances in Build 
ings. BEFU No. 54, National Board of 
Fire Underwriters, John St., New 
York 38, N. Y. (Sept. 1954) 
Standards of NBFI 
gas piping 


RH 

for installation of 
build 
Fire 


and gas appliances in 
ended by the 


Protectior A ssn 


ings, as recom! National 


lation 
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INDUSTRIAI 


WASTES 


Circular Collectors 


Types for every waste treatment problem 
r | | 


DESIGNED FOR 
EFFICIENT LONG- 
TERM OPERATION 


ENGINEERED FOR 
USE IN CIRCULAR 
OR SQUARE TANKS 


SELECTION OF 
DRIVES TO MEET 
YOUR SPECIFICATIONS 


CLARIFLOW THICK- 
ENERS FOR FLUE 
DUST CLARIFICATION 


‘ 


TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- 
signed for circular tanks. The rotating 
bridge acts as the lever arm rotating a 
sturdy center cage which carries the col- 
lector arms. Rotational force is provided 


SUSPENDED COLLECTORS are used 
where a simple bridge can span the tank 
diameter. In this case, the complete 
motor and drive assembly, together with 
the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifes the flow. All parts are sturdily 
built... designed for the “tough” jobs. 


WRITE FOR BULLETIN 10169 


WALKER PROCESS 


WALKER PROCESS EQUIPMENT 


Factory — Engineering Offices 


by a two-wheeled, rubber tired tractor 
unit running on the rim (or effluent weir 
wall of the tank). Drive unit is simple, 
easily accessible, and not affected by 


snow or ice 


PIER DRIVE COLLECTOR 


The Pier 
mended 
operate A 


Drive Collector is 
where it 
Tractor 


recom- 
is undesirable to 
Drive... where the 
access bridge must be stationary, or the 
corners of square tanks must be scraped 
Center drive mechanisms, ranging from 
1/2 to 10 horsepower, are built for long 
life and heavy duty service. Worms are 
carburized and ground steel and pre- 
cision meshed with hardened bronze 
worm wheels. The balls run in hard- 
ened, ground, renewable ball races. 


—- ee | 
ese  ibse 
aT | a Da 


iL Low 


Laboratories 


Aurora, Hilinois 
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Proceedings of Member Associations 


VIRGINIA INDUSTRIAL rin ‘airfax County Di 
WASTES AND SEWAGE anitation, Fairfax, Va 

WORKS ASSOCIATION ‘Progress it port on Pollution 
Abatement in Virginia,’’ by A. H 


Paessler, Executive Secretary, Vir 


The 9th Annual Meeting of the 
Virginia Industrial Wastes and Sew 
Works Association was held Ma‘ vinia State Water Control Board, 
»6, 1955 at the George Mason Hotel Richmond, Va 
sen ys Counteraction ol pewage 
Odors,’ by Nicholas Post, Airkem 
Kxecellent technical papers wer Inc., New York, N. Y 
present as follows ‘‘West Virginia Pulp and Paper 
Water Pollution Control—On: eeees © W sete Srestment Plant, | 
_ : , _ by James M. Kniskern, Assistant Tech 
hase of Cons rvation, by David B nical Director, West Virginia Pulp 
Lee, President, FSTIWA 


exandria, Va. Registration reached 
i record total ol 160. including ladic 


ind Paper Co., Covington, Va 


on of a Sewer Author Gate Valve Design and Applica 
( Pey hing Mitchell 4 . hy 


etterly ind Mitchell, New 


G. J.J. Manahan, General 
Manager, A. P. Smith Manu 


cturing Co., Kast Orange, N. J 
County's Sewerage Pri 


Harry Hale, Sanitary Ei Continued on page 438a 











SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized"’ for protection against rust and corro- 








sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GaTES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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A A 
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COMPETENT, BLOODLESS WORKERS 


tireless, economical 
controlied ond directed. These, sience predict, may be our “servonty 


electromeally 


100 years from now... 





ROBOTS MAY DO OUR WORK 


wonderful new 


as now, our water and gas will still be carried by the rugged 
dependable cast iron pipe being laid today 


products and inventions to challenge the imagination. Then, 
Over 60 American cities and towns are still served by cast 
iron water and gas mains laid over a hundred years ago. And 


today, modernized cast iron pipe, centrifugally cast and quality 
controlled, is even stronger, tougher, more durable 


U.S. Pipe is proud to be one of the leaders in a forward-look 
ing industry whose service to the world is measured in centuries 


VU. BS. FIFE AND FOUNDRY COMPANY, General Office Birmingham. Alabaeme 


A WHOLLY INTEGRATES PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE 








SEWAGE AND INDUSTRIAL WASTES 


A panel di 3$10N On Operation and Wastes Association was held at the 
maintenance 1 sewayrt treatment Kahler Hotel, Rochester, Minn , dune 
plants was | y E. C. Meredith, Di 22-24, 1955 
rector of Sanitary Engineering, Vir Papers presented at the 
finia State Department of Health, were as follows 
ae ns Meeting the fol *Lagooning of Industrial Wastes at 
lowing eflleers were elestal pe 1955 the Dana Corporation, Fort Wayne, 
56 Indiana, by Charles R. Griffith, 

Wastes Engineer, Fort Wayne, Ind. 

President: William R. MeCann, Hops ‘Air Flotation of Sanitary Sew 
well, Va age,’ by Thomas T. Hay, Superin 
Vice-President: James . Corbal tendent, Sewage Treatment Plant. 

Jr., Alexandria, Va Racine. Wis 
Secretary-Treasurer: J. L. Hamrick. 

Jr., Richmond, Va 

J. L. Hamrick, Jr., 
Secretary-Treasurer 


meeting 


“The B.O.D. Test and Total Load.’ 
by A. M. Buswell. Chief, Illinois State 
Water Survey, Urbana, III. 

‘Recent Court Decisions Affecting 
Stream Pollution Control,’’ by War 
CENTRAL STATES SEWAGE ren A. Resh, Assistant Attorney Gen 
AND INDUSTRIAL WASTES eral Counsel, Committee on Water 

ASSOCIATION Pollution, State of Wisconsin. Madi 
The 28th Annual Meeting of the 5°": Wis 


Central States Sewage and Industrial (Continued on page 440a) 





eng 5 es it at ales er 
Alleo 1 B nn < 
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| FOR 
MIXING » STORAGE » HANDLING 


FERRIC CHLORIDE 


_ can be inserted in any standard 55 
gallon drum in just a few seconds! 


e “Drumserts” are pre-formed, independent 

e 

linings made of ARco-compounded aeapren 

rubber. The “‘lip”’ provided on the inser : 

lo tat 

lapped over outside the drum and pulled au 

a ing marker indicating the lip portion Gabber Seem 

of inne *D mserts’” are rugged, clean, re On” lids are avail. 

: rmit complete handling of able te fit ell 
*““’Drumserts” 


"Only AGE vrs, | #92? 


AUTOMOTIVE RUBBER COMPANY, INC. Write Dept. “s” 
BEECH ROA . DETROIT 39. MICHIGAN for complete details 





of insert 
main stable, and pe 
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High 
installation 
Costs with — 


! CHAPMAN 
Standard SLUICE GATES 


Wide Selection — There Whether: 

are over 300 types and sizes heal ag ; 
of standard Chapman Sluice SAG, SCALING OF UNSERTING Pres- 
Gates to meet most condi- sures, large or small waterway 
tions. Controls are for either areas, there's a Chapman Standard 
manual, hydraulic or electric 
motor driven operation. Many 
special designs and sizes are at lowest possible cost. They are 
also available. easier to install and more econom- 


for high head or low 


Sluice Gate to do the job better and 


ical to maintain for these three im- 


Easy Installation — Chap- portant Cost-saving reasons. 
man Standard Sluice Gates 

are faster and simpler to in- 

stall because component parts 

are interchangeable. They fit 

perfectly, every time, without 

expensive and time consum- 

ing matchmaking or field al- 

terations 


Replacement Parts — 
Standardized manufacture 
means that should repair and 


replacement parts be needed, 
they will fit perfectly into 
place without fitting. Servicing 
and repairs can be done at the 
job with minimum expense. 
Chapman Standard Sluice 
Gates have been job-tested in 
waterworks, sewage works 
and flood control projects 
across the country. They are 
your assurance of top per- 
formance at lowest cost. If 
your current project calls for 


sluice gates, be sure to write 

for revised Catalog 25A and The CHAPMAN VALVE 
check the big advantages that Ma ctu om 

only the Chapman Standard nufa ring Cc pany 
Sluice Gate Line offers. INDIAN ORCHARD, MASSACHUSETTS 








SEWAGE AND IND! 
Since 1885 


GRUENDLER 


The Choice of 
Municipalities! 


Over 200 


GRUENDLER 


SEWAGE SHREDDERS 


including 
GARBAGE GRINDERS 


installed by Municipalities 
in the United States 


(list of installations in your 
vicinily, on request) 


View of twin installation of Gruendler 
Sewage Shredders 


Gruendler patented Sewage Screening 
Shredders are nationally recognized by 
public sewage works for their efficient 
method of disintegration of wastes in- 
cluding rag stock, for uninterrupted flow. 


WRITE FOR BULLETIN SG-1o 


Mfgrs. of Dry Sludge Shredders, 
Refuse & Compost Grinders 


GRUENDLER 
CRUSHER & PULVERIZER CO. 


2915 N. Market Dept. SIW10 St. Leuls 6, Mo. 
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‘The ( Use of 
' 


Household 


W ide 
Garbage Grinders at Jasper 
Frank D. Wraight, Chief 
Disposal Section, Indiana 


ate Board of 


ommunity 


Indiana,’’ by 
sewage 


Health, Indianapolis 


‘The 


Process 


Full-Seale Modified Digestion 
Plant at Albert Lea, Minne 
sota,’’ by A. J. Steffen, Sanitary En 
gineer, Wilson and Co., I] 


Chicago, 


June 23 


The afte 
of the 


rnoon session on 
consisted annual business lunch 
on, followed 
the Mayo Clinie 
the Ro 
Works 

At the annual banquet 


by inspection trips to 


Diagnostic Building 


hester Sewage Treatment 
the 
Award 
f 1954 was 
Morgan 
for the 

reports 


Hay 


Associa 
the 
pre sented to 


tion’s Gus Radebaugh for 

paper o 
Philip 
Awards 


operation 


lowa City, lowa 
best treatment plant 
pre sented to 
Racine, Wis., Donald 
Kalb, Ill. and W. E. Ross 
Ind Membership merit 
awards went to Don Bloodgood, Lafay 
Ind., Rothchild, Neenah, 

Kerwin Mick, Minneapolis, 
and Jess Dietz, Il. 
June 


were 
Thomas 
Henn, Di 


Richmond 


Henry 

Wis.., 

Minn 
The 


consisted 


Urbana, 
924 


Break 


morning 
of an 
which 


operation 


SePSS1ON 


on 
“<5 ype rators’ 
in discussion 


open on 


probli ms was stimu 


lated and guided by 
ing of Paul L 
Martin and 


rs elected for 


u panel] consist 
Larson 
Mick 


1955-56 were: 


Brunner, C. C 
George Kerwin 


Offic 


Pre side nt: A J 
Minn 

Ist Vice-President: 
mond, Ind 

md Vice-Pre 
Springfield, Il 

rd Vice Pre sil nt: 
Oshkosh, Wis 

etary-Treasurer: George F 


Madison, Wis 


Duvall, St. Paul, 


W. E Rich 


Ross. 


sident: A. P 


Troemper, 


Robert Frazier, 


NEC? Bern- 
auer, 
GeorGE F. BERNAUER, 


Secretary-Treasurer 





SEWAGE AND INDUSTRIAL WASTES 


You get better results 


WITH ™ GD EQUIPMENT 


for Mixing 
and 
Flocculating 





Radial-flow “VORTI" Mixers and 
oma ata we 

neers, move 
weleues of liquid at lower impeller 
speeds than other types. 


Higher efficiency at lower operating cost 


“Vorti” Mixers are applicable to most problems of mixing 
and agitation. The impeller is usually suspended from the 
top of the basin without the use of underwater guide bear- 
ings, stuffing boxes or submerged chain drives 


VortTI-FLoc” units are used for chemical treatment or 

elf-coagulation. They create gentle flow and turbulence 
by moving large quantities of liquid at relatively low ve- 
locities, thus promoting coalescence and agglomeration of 
suspended particles. 


By proper combination of speed and size of impeller, ap- 
ications of INFILCo radial flow units include: 

Slow stirring for equalization + Blending of liquids 

Neutralization + Slow stirring for flocculation and 

agglomeration + Rapid mixing of chemicals in liquids 





INFILCO mixers are efficient and economical. Write today 
for complete details. 


iN 921 South Campbell Avenue, Tucson, Arizona 
Fi LCcCO INC. Offices in principal cities in North America 5533 
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DIRECTORY OF ENGINEERS 


(Continued through page 447a) 








ALBRIGHT & FRIEL, INC, 
CONSULTING ENGINEERS 


Industrial Wastes and Incineration Problems 
a. Highways, Bridges and Airporte 
I 1 Control, Industrial Buildings 
tigations, Reports, Appraisale and Rate 
ratory for Chemical & Bacteriological Analys 
e Servi m Design and Supervision of Conatructio 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA 








ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick Louls R. Howson 
Donald H. Maxwell 


Water Wort Water 
Flood Relief 
Disposal 


Purification 

Sewerage, Sewage 
lyrainage Appraisals 
Power Generation 


Civie Opera Bullding Chicago 








ANDERS@N-NICHOLS 
(GLompany 

Consulting Engineers 

Distribution and Treatment, In 

l'reatment, Sewage Collection and 

e ection and Disposal, Drain 

andi 1 


Concord, N. H Boston 14 


Baltimore, Md 








JOHN J. BAFFA 


Consulting Engineer 


verage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 


Investigations & Rate Studies 


75 Weat Street New York 6, N. Y. 











MICHAEL BAKER, JR., Inc. 

Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Airport Design —Sewage Dis 
vA rf ih A Roles : 
Pipe Line Surveys 

Home Office: Rochester, Pa. 

Branch Offices Jackson, Miss. Harrisburg, Pa 





BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 

Industrial Waste Treatment 


Investigations 


Pr. O. Box 67 Crystal Lake, Iilinols 








W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 
Design 
Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


BLACK & VEATCH 

Consulting Engineers 

Sewage — Water - Electricity Industry 
Reports, Design, Supervision 
of Construction, Investigations, 


Valuation and Rates 
4706 Broadway Kansas City 2, Mo. 








BOGERT AND CHILDS 
Consulting Engineers 

Ciuinton L. Boornt Frep 8, Cuitos 

Ivan L Booent DONALD M. DItMans 

Kosertr A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse 

lbrainage 

HLilghwayse and Bridges 


Disposal 
Flood Control 
Airfields 


1456 Bast S2nd Street, New Vork 16, N y 














ONLY $60 PER YEAR 


t of a professional listing 
\ card her will iden 
with the specialized 


lustrial wastes field and 


stive! 
prestige 





Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Sewernge Sewage Treatment 
Water Supply-— Purification 
Refuse Disposal— Analyses 
Municipal —Industrial Projects 
Valuations — Reports — Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 


Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants ladustrial Buildings 


Railroads 


New York 16, N. ¥. 


Industrial Wastes Problems 


465 Fourth Avenue 








BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - BEWAGE- INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICA AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal 


Water Supply and Water Puritication 
Valuations and Reports 


Chemical and Biological Laboratories 


112 Fast 19th Street New York 3, N. ¥. 








BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 


Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 EB. Mb Se. 








CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

nyestigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SYSTEMS WATER WORKS 
irveys Roads and Streets 
1g Airports 
ge Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 








THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration-Gas Systems 

Valuations- Rates- Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 














CONSOER, TOWNSEND & ASSOCIATES 
Water Supply —Sewerage—F lood Con 
trol & Drai: 
tal Street Lighting—Paving—Light 


and Power Plants. Appraisals 


iage—Bridges—Ornamen 


351 East Ohio St. Chicago 11, Til, 








Your firm should be 
listed here 
the most complete Directory 
available of consultants spec ializ 


ing in sewage and industrial wastes 
treatment 











It pays to secure competent and experienced engineering advice! 





SEWAGE AND INDUSTRIAL WASTES 








Damon & Foster 


Consulting Cte Engineers and 
Swurceyors 
Sewerage, Sewage Disposal, Water Supply 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 





FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 








DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
ocal Transportation 
Investigations Reports Appraisals 
Pians and Supervision of Conatruction 


150 North Wacker Drive 
505 Colorado Bidg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 











CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N_J.) 


Belleville 9, New Jersey 





FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
Raves W. Horne 
Bion A. BowMAan WiILuraM L. HyLanp 
CARROLL A. FARWELL Frank L. LINCOLN 
Howargp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs 
BOSTON NEW YORK 


Joun AYER 











FINKBEINER, PETTIS & STROUT 


Caa.eron 8. Finkaein en Cnuaates BE. Perris 
Hanowino K. |¥rnour 


Consulting Engineers 


Reports, Designs, Supervision 

Supply, Water Treatment, Sewerage 
Treatment, Wastes Treatment 
Valuations & Appraisals 


318 Jefferson Avenue Toledo 4, Ohio 








FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111C & I Life Building 
Houston 2, Texas 


CH-1624 











FROMHERZ ENGINEERS 


Structural - Civil - Sanitary 
Four Generations Since 1867 
Water upply Sewerage Structures; 
lDrainage Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specification Supervision 


816 Howard Avenue New Orleans 12, La 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat 
ment 











EDWARD A. FULTON 
Consalting Engineers 


Investigations Reports, Valuations, De 
eign and Construction—Water Supply and 
Purification Vlants Sewerage and Sew 
age Treatment Works Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3208 Brows Read Saint Lewis 14, Missoeri 








GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 


Dams, Water Works ay ~ Industrial Wastes & Gar 
sric 


bage Disposal, Highways, iges & Airports, Traffic & 
Parking Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 
Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. 3. Chesapeake, W. Va. 





Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 








GREELEY & HANSEN 
Engineers 
samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M iles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastee—Hydrautics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kanees City 5, Mo. 








HAVENS AND EMERSON 
W. L. Havens 

A. A. Burger F. W. Jones 

J. W. Avery H. H. Moseley 

F. S. Palocsay FE. 8. Ordway 

F. C. Tolles, Consultant 
Conmeulting Engineers 

Water, Sewerace, Garpaos, INDUSTRIAL 

WasTes, VALUATIONS —LABORATORIES 
Leader Bidg. Woolworth Bidg. 
Cleveland 14, 0 New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnann Hazen Avrnnp W. Sawrven 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design 
Supervision of Construction and Operation 


1272 East 42nd Street New York 17, N. ¥. 








HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
I'reatment, Reports, Flood Control, Appraisals 
Drainage 


Standard Ol! Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. Hoanea EK. BE. Bross 
Hi, SHiF RIN Vv. C. Liscuer 
Alrportsa Iiydraulle Engineering 
Sewerage and Sewage Treatment 
Water Supply Municipal Engineering 
Keports 


Shell Bullding, St. Louls 3, Missourt 








JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Dis posal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
Ee. B. Bessetimever, Mor 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 


1080 Atlantic Ave Toledo 1, Ohio 











KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, N. Y. FT. LAUDERDALE, FLA 








ENGINEERING OFFICE OF 
CLYDE Cc. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations Reports Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION 8T., BAN FRANCISCO 6 





It pays to secure competent and experienced engineering advice! 
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LOEBIG AN c ; 
MORRIS KNOWLES Ine. K JE BIG AND KOEBIG 
onsulting Engineers Since 1910 


Engineers 
B Investigations, Reports, 
Designs and Appraisals 
Water Supply and Purification Bewer wwerage & Sewage Treatment 
age ape. Sewage og V eluations r Supply & Water Treatment 
mboratory ity lanning. Mur cit al I ngineering 
Industrial Buildings 





1312 Park Bidg Pitteburgh 22, Pa 
3142 Wilshire Bivd., Los Angeles 5, Calif. 








Wm. S. Lozier Co. GEORGE B. MEBUS, Ine. 
Consulting Engineers Consulting Engineers 
Sewerage, Sewage Disposal, - Sitsins Teentinbes 
Water Supply, Water Puri- ery a ae 
fication, Refuse Disposal enintn- ainegtin eames eminauee 
10 Gibbs Street Rochester, 4, N. Y. GLENSIDE, PA. 








Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


METCALF & EDDY 
Engineers 
Drainage, Refuse and SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


Water Newage 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Bullding 327 Franklin St., Buffalo, N. Y. 
Boston 16 500 Fifth Ave., New York 36, N. Y. 








PARSONS, BRINCKERHOFF 
HALL &@ MACDONALD E. C. PATTEE 
G. Gale Dixon, Associate Consulting Chemical Engineer 


Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
trial Waste Problems Process Development, Surveys & Design 


Industrial Waste Disposal 





tructures Power Transportation 


51 Broadway New York 6, N.Y. Provident Bank Bidg., Cincinnati 2, Ohio 











PIATT AND DAVIS MALCOLM PIRNIE ENGINEERS 


WM. M, PIATT P. D. DAVIS Civil and Sanitary Engineers 
Consulting, Designing, and Supervising Engineers preg ig | < - py 
M m Pirsie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 


Water Works, Sanitary Sewers, Water Purification 
Heowage Treatment, Pubile Bulldings, Streets 
Power Pianta, Electrical Distribution 
} and Operations 
Keports and Appraisals 
: we Appraisals and Rates 


One Eleven Corcoran St. Bidg. Durham, NM. C. 25 West 43rd Street New York 3%, N. Y. 








LEE T. PURCELL THOMAS M. RIDDICK 


Consulting Engineer Consulting Engineers and Chemists 


pply & Purification; Sewerage & Sew Municipal and Industrial Water Purification 
Industrial Wastes; Investigations Sewage Treatment Plant Supervision, 
ports; Design ; Supervision of Industrial Waste Treatment 
onstruction & Operation Laboratories for Chemical and Bacteriological 


Analytical Laboratories Analyses 


36 De Grasse St. Paterson 1, N. 72 369 EB. 149th Se. New York 55, N.Y. 

















Take advantage of the services of these outstanding consultants! 





SEWAGE AND INDUSTRIAL WASTES 





RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rivrre B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 








SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 


lilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 





STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


327 S. LaSalle Street 
Chicage 4, ilineis 


Muscatine, lows 











ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys—Reporta 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 


Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rad. Freeport, N.Y. 











J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 Hast High Street Lexington, Kentucky 
Branch Office 


901 Hoffman Bulliding Loulsville, Kentucky 





ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 











WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engineers — Biologists--Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water —Sewage 
Surveys —Research— Development — Process 
Engineering peration Supervision—Anal 


yses—l valuations and Reports 


Newtown Square, Pa. Leonia, N. J 





WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 














WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 








WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 





It pays to secure competent and experienced engineering advice! 
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American Brasg 
American Well Works . 
Automotive Rubber 

By epee 


Chain Belt Company re 
hapmac Valve Mamwufact 


-hicago Pump Company. . 


Clow, James. Bi, tod Sons ina Valve 


Ce ane 
or-Oliver, 


General Chemical 
inerio! Company, 
Jeflrey Manufacturing 


Jonas-Manville 


Lisk-Belt Company», 
Morse Boulger : 


Rockwell Manvtacturing € ) 


Simplex Valve and 


Seow Gates and Vj Peper: 


United States Pipe and. 
Vapor Recevery Systeme: 
Walker Process Ee 

ace & Tiernan, 
Werthicgtor Corporation. 


Vs somas Brothers Compaay 


Albright Piel, fas 
Al wh. 4 orte' & 





her 

ay, Spottor 
Finkbeinet, Pettis 
Freese, Nichols @ 
Frogtherz 
Fulton, 
Gannett, ; 
Gilbert Asani 
Gtace and Glate 
Greeley & Hansen 
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Whitman & Howard > 
Whitman, Requardt & hades 




















Control for : 
Sewage... 


AT THE WASHINGTON, D.C. 
SEWAGE TREATMENT PLANT 


Design of the Washington, D. C, Sewage Tres 
Plant utilizes modern concepts of sewage chic ‘ination 
control. W&T water diaphragm,. high capechy y 
rinators at the Plant are controlied from remote chlori 
rate setting stations which operate by push b 

Remote control stations allow plant of 
change chlorine feed rates without leaving the 
center of the plant. Remote rate of feed indicators at t 
mavens show the rt at which chlorine blag i 
immediately show changes in the rate of teed ' 
Calorine Flow Recorders give a permanent 9 
Ks dally Sema aves OF eae Senor euntor Se 
total amount of chlorine fed to each point of ag 

In addition to remote chlorinator control, W 
many other types of accurate and kg 
which can help the operation of your sia 
intermittent start-stop operation through aw 
portional ef Chioiine tad to vewiabtticns dal 
trol based on plant flow patterns, and ORP 
controliers, W&T can answer your chiorinetor 
probiem, 








